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OBJECT

The object of this development is to
obtain a design for a piece of equipment
which, when either integrated into new radars,
or applied to existing ones, shall enhance the
per formance of the radar by increasing the
number of target "hits® per scan beyond the
1imit normally set by haximum unambiguous range.

Signal Corps Contract No. DA-36-039 SC-56696

Signal Corps Technical Requirements
No. SCL-2803, 30 July 1953
Amendment No. 1, 6 December 1954

Department of the Army Project No. 3-99-05-022

Signal Corps Project No. 122-B
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the meaningse .
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II__PURPOSE

The purpose of this contract is to
continue the study and development of
techniques which will permit the use of
high pulse repetition rates in long range
radars and MTI radar without the range
ambiguities which normally are present as
the result of returns from “second-time-

around”, ”third=time-aroundk and “higher-=

time=-around” echoes.
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The performance of a radar, with respect to the
detection of weak target echoes and MTI operation, is
improved by increasing the pulse repetition frequency

. (PRF). A practical upper limit to the PRF is reached
when higher-=time=around echoes cause ambiguous range
indications, Advantage can be taken of a high PRF if
the false-range-indicating (FRI) echoes can be dis-
criminated from the true-range-indicating (TRI) eChOEfu
The operation is further enhanced if the discriminatéd
FRI echoes are suppressed sufficiently so that they do
not clutter up the radar display. Methods for accomplish=
ing both the discrimination and the suppression of the
FRI echoes which also utilize the high PRF to improve
the signal-to-noise ratio (SN) have been devised in the
course of this research project.

Modulation of the time interval between successive
transmitter pulses produces a distinctly and readily
usable discrimination between TRI echoes and FRI echoes.,

No suppression of the FRI echoes or random noise is

accomplished by the pulse interval modulation (PIM)
alone, Several ambiguity filters, which suppress the Y
FRI echoes and random noise, have been evolved for

use in the PIM System, based on optical-electronic,

i
|
|
{
i
i
i
i

electrostatic-storage, and magnetic-storage devices.

The Optical-Electronic Ambiguity Filter has been both

- theoretically and experimentally investigated, and

; A\
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erit have been determined. Pre- the FRI echoes and random noise. The Comb-Type Ambiguity

zal znd experimental investigation of Filter, for use in the Mixed PRF System, has been given
cal ar T

Isbiguity Filter indicate potential preliminary theoretical investigation but no experimental

the Cptical-Electronic Ambiguity Filter work has been done,

d practicality, even though the Two special items considered during the last quarter
practi B

merit obtained so far for the of the project, in conjunction with the Optical-

Electronic Ambiguity Filter, were the transient response

-zbiguity Filter exceed those for the

The Magnetic-Storage of CRT phosphors and the subrange combining system.

. \ , e ;
rst introduced in this report. General equations for the transient brightness build-up X

ation of some of the important and decay in a phosphor were formulated. Assumptions

igures-of-merit indicates applicable to the special conditions of usage in the

Optical-Electronic Ambiguity Filter were used to

simplify the form of the equations and a preliminary

N
tilize their non-linear experimental verification of results derived from

ambiguity and random; r;)ise these equations was made. The first three subrange
ter than can be obtained by an displays of the echo information presented by the
The ambiguity suppression Optical=Electronic Ambiguity Filter were successfully
nd the noise suppression combined into a single continuous range display. The
of an ideal linear integrator extension of this system to more subranges is possible

ively, where n is the number of by the addition of duplicate system components.

at several different

requencies simultaneously (Mixed

procduces & high net PRF and imparts the distinctive

to the signal necessary for discrimination

echoes and FRI echoes. Periodic filters

perform the actual discrimination

between TRI eachoes and FRI echoes and also suppr
ess
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IV PUBLICATIONS, LECTURES, REPORTS AND CONFERENCES
A. Publicationss No publications resulted from the
project during the eighth quarter.
B. Lectures:
e Title Lecturer Place Date
“Transient H. M. Musal Illinois 24 Feb-
Behavior of Institute ruary 1956
Phosphors” of Tech-
nology
C. Reportss
Ref. No. Title Author Date
21 Monthly Per- G.I. Cohn November,
formance 1955
Sunnary
22 Monthly Per- G.I. Cohn December,
formance 1955
. Summary
6095-35 Optical=- H. M, Musal March,
of . Electronic 1956
Ambiguity Filter
Subrange Combin=
ing System
6095-36 Storage-Tube H.M. Musal April,
Ambiguity 1956
Filter
6095~-44 Magnetic- H.M. Musal April,.
. Storage 1956
Ambiguity
Filter
6095-45 Transient H.M. Musal February,
Response of 1956
Phosphors
6095-46 Experimental R.F. Purnell April
Equipment for 1956
1 PIM System and
Ambiguity Filters
D. Conferences:
No conferences were held in connection with the
project during the eighth quarter.
7
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i i
| V__FACTUAL DATA
INTRODUCTION

Statement of Problem

The performance of a radar system is directly dependent
on the signal to noise ratio. Signal integration is one

method of improving the signal to noise ratio. The higher

i

1

\ the pulse repetition rate (PRF) , the greater the amount of
integration possible, and consequently, the larger the

% signal to noise ratio. Signal to noise ratio improvement

with high PRF’s is possible when the noise is completely
as echoes from stationary or slowly moving targets, i.e.,

| random, and also when the noise is an undesired signal such
\ |
clutter. For example, in MTI radars an increase in PRF
‘l . improves pulse to pulse cancellation of echoes from
| stationary and slowly moving targets thereby increasing the
ratio of desired signal (response to moving targets) to
| undesired signal (clutter).
If the distance to a target is such that the echo due
to a given transmitter pulse does not return to the radar
prior to the transmission of one or more subsequent pulses,

the echoes are called higher-time-around (HTA) echoes. The

range indicating (FRI) echoes on the radar indicator as
there are transmitter pulses radiated between the one caus-
i ing the echo and the return of an echo from a target at

!

; detected HTA echoes can produce as many different false

|

I

|

|

! maximum range. As the PRF is raised to improve the signal

to noise ratio, the number of HTA detectable echoes is
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increased from none to many. Since there is an additional
range indication for each detectable HTA echo, the range
display is ambiguous unless some means is introduced for
identifying which of the many range indications is the
true one.

The presence of the multiple range indications for each
target quickly clutters up the indicator display, especially
when mere than a few targets are present, even with the true
range indicating (TRI) echoes differentiated from the FRI
echoas. Jonsequently, it is highly desirable to devise
neans not only of distinguishing the TRI echoes, but also
of eliminating the FRI echoes from the display,

In order to compare the relative performance capabilities
of ditfersnt systems, it is necessary to determine the
figurss :f merit of each system. The noise suppression

system is taken as ;

a TRI echo, and Vyrgs 1§ the

e of the randox ncise, For a larger figure of

the radar & sensitd i
3 nsitive, i,e,, smaller and more

.

- PRI imaw o
the PRT increases the radar figure of merit
N -
sroducing FRI echoes, Onee the FRI

dted, they play the same undesir-

effectivaness or figure

of merit of a FRI echo filter or ambiguity suppressor is

basically defined as

Ve
Ver1

ViR

Fyg =

Ver | in
Since at the input of the ambiguity filter the amplitude
of the FRI echoes from a given target is the same as the
amplitude of the TRI echoes, the formula for the ambiguity
suppression figure of merit reduces to: ’

VrR1

Fra =
B VFRI out
In order for the increased PRF to have no objection-
able effects, it is necessary to reduce the amplitude of
the FRI echoes below the random noise level. Thus, the
ambiguity suppression figure of merit should be made
greater than the signal to random noise ratio at the out-
put of the filter.
In a research program of the type undertaken here,
it is of paramount importance to determine these figures
of merit both theoretically and experimentally as functions
of all radar parameters which have a significant influ-
ence on them. From this information the optimum perfor-
mance for a specified system can be determined and the

best system of any suggested group can be singled out.

Methods of Ambiguity Elimination

In order to eliminate ambiguities due to high pulse
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FRI echoes musi first be discriminated
The possiple methods for accomplish-
e been devised and investigated at the
Laporatory of nois Institute of

plock diagram of Figure 1

Several possible methods which may
biock diagram of Figure 2

only suppress the FRI echoes but

METHODS FOR DISCRIMINATING
FALSE RANGE INDICATING ECHOES

In order to discriminate TRI echoes from FRI echoes
information is necessary to determine which transmitter
pulse caused the echo. This information may be provided
by the natural characteristics of pulse propégation or
by modulation of the transmitter output.

The natural means of discrimination are Pulse
Attenuation Information, Pulse Distortion Information,
and Antenna Beam Displacement Sorting. No extensive
investigation of these means of discrimination was done
since the first two are impractical and ABDS awaits the
development of a suitable rapid scan antenna.

Methods of modulating the transmitter output invest-
igated are Pulse Amplitude Modulation, Pulse Width Médn=
lation, Pulse Carrier Frequency Modulation, Pulse Code
Modulation, Pulse Interval Modulation, Time Sharing, and
Mixed Pulse Repetition Frequency. Of these methods PAM _
and PWM are impractical because of the variations in

-
target characteristicsy; PCFM appears much less practical
than other methods because of complex equipment require-
mentss PCM breaks down when several targets are present;

and Time Sharing is limited in operation. Of the two re-

practical, the PIM system wasjdevisgd first and consequent -

1y has been investigated more completely. The Mixed PRF
system has been investigated theoretically and

appears to have merit.
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Pulse Attenuation Information

Under certain conditions the attenua@ipns‘which a

ulse undergoes during propagation can be used to deter-
ne the approximate distance traveled by the pulse, and
hence provide a basis for resolving ambiguous range read-
ings. Since the energy in a pulse falls off with the
fourth pewser of the distance, there is considerable
conveyed by the strength of the echo

Ambiguity elimination

icients of the targets and
er conditions were known.

ients of the targets and the

2 zediz becomes distorted as

cdistortion is Gue to the

to split up

cf paths, eack having slightly

different length. When the pulse energy recombines at the
receiver the components are no longer in the same time
relationship. In the atmosphere the second effect (that
due to heterogeniety) appears to be predominant., Tests
carried out by O, E. De Langel using 3 millimicrosecond
pulses at 4000 megacles over a 22 mile path showed multi-
path transmission with path differences as great as seven
feet, This was sufficient to provide complete separation
of the received pulses., Distortion in the individual
pulse shapes was undiscernable compared to that which
occurred due to combination of the pulses which had
traveled different paths,

A target having extension in the radial direction
from the radar antenna will broaden the received echo by
an amount approximately proportional to this extension.
Because of this fact and the fact that the geometry of
the target and thé exact atmospheric conditions are not
likely to be readily available, the distortion due to
propagation does not provide a practical basis for ambig-
uity elimination,2

Antenna Beam Displacement Sorting

The directional information contained in the trans-

mitted pulse can be utilized to provide a method for

qu E. De Lange, "Propagation Studies at Microwave
Frequencies by Means of Very Short Pulses”, B.S.T.J.
31, 11-108 (January 1952).

233gnal Corps Contract DA36-039 SC-15555 First Q.P.R,
June 1952-September 1952, p 54.
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preveniting the occurrence of false range indications.
ring the interval beiween the sending of a transmitter
and the reception of an echo due to that pulse the

antenna rotates through an angle proportional to

the pulse and hence to the range of

the target returning the echo. This information may be
i to prevent range ambiguities by employing
antenna beams, which rotate about the same axis,
for recsption and iransmission., The receiver antenna
beam lags behind the transmitter antenna beanm by just the
amount required so that by the time the echo returns the
antenna beam will have rotated into the position

by the transmitter antenna beam when the pulse

Absence of false range indications is achieved by
rotating the antenna beams with an angular velocity such
that completely different angular sectors are illuminated
by successive transmitter pulses, without having any un-
illuminated angular sectors,

The principal disadvantages to this system are the

of receiver equipment necessary in order to
n one sub-range simultdneously and the
antenna scanner required.1

Puise Amplitude Modulation

In this method,

range ambiguities are eliminated by

1.

Signal .Corps Contract DA36-039 3C- s
June 1¢52-Seotember 1952, pp 55.?5.155220Fér5t Q.P.R,
September 1952-December 1952, pp 53-g2. "0 CePR.
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utilizing pulse amplitude information inserted in success-
ive pulses at the transmitter., Each transmitter pulse
amplitude is increased over that of the previous one by
the same amount until n pulses of different heights are
obtained, after which the modulation cycle is repeated.
The envelope of the transmitter pulse amplitude is a
saw-tooth wave., The amplitudes of successive echoes
from a given target have a similar saw-tooth envelope
which lags in phase behind that of the transmitter
envelope by an amount which is proportional to the
target range. Measurement of this phase lag gives

an approximate indication of the range and can hence be
used to eliminate false range readings.

This is accomplished by feeding the amplitude
modulated video output of the receiver through a variable
gain amplifier which has its gain controlled by a wave
form having the inverse variation to that of the trans-

mitter modulation wave form. The gain controlling wave

form is shifted in phase so as to match the phase delay
of the desired echo envelope. Then, in the output of
this amplifier, echoes from targets located at the
chosen range will have constant pulse amplitudes
whereas echoes from targets at other ranges will have
amplitude variations. The output of the variable gain
amplifier is passed through a blanking circuit which
removes the echoes with variable amplitudes and passes

the constant amplitude unambiguous signals. The blank-
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ing pulse is generated by a circuit which compares each
echo with the echo from the same target due to the previous
transmitter pulse and whenever the amplitude difference
exceeds a specified amount, a blanking pulse is generated.
The extent of the range displayed unambiguously is influenc-
ed by the setting of the amplitude comparitor.

This method has two paramount disadvantages. One is
the fact that the transmitter peak power capabilities are
largely wasted by the amplitude modulation unless the per
cent modulation is small, Another is that the method
cannot integrate signals below the noise level because
information must be extracted for sorting before inte-
gration of the TRI echoes is possiblenl

Pulse Width Modulation

In this method range ambiguities are eliminated by
utilizing pulse width information inserted in successive
pulses at the transmitter, The transmitter pulse width
is modulated so that n successive pulses have different
widths, after which the cycle is repeated. The radar’s

wajor range is subdivided into as many sub-ranges
as

+ a i £ £, i
there are different pulse widths in a modulation cycl
el

AnA fha $.F ati i
éna tfe information in each sub-range is separatel

Da Yy
3xtra apparatus would be required to
sub-rangss on one display

ML ases : ;
Ihe difference in width between an echo and th,
the

DA36-032  3C- ;
oD 46 G0 15558 First Q.p.R,

5-49.

transmitter pulse sent out just prior to reception of the
echo is utilized to sort the echo signal into the channel
which displays the sub-range in which the actual target
exists. A method of accomplishing this is as follows.
Each received echo triggers a pulse generator which
produces a pulse of the same width as the last tramns-
mitter pulse generated. The width of this pulse is
compared with that of the echo just received and a voltage
proportional to the difference in widths is generated.
This voltage is applied to the switching circuit or tube
which connects the signal to the proper channel.

The principal drawback to this method is that it
cannot integrate received signals below the noise level
because information from individual pulses must be util-
ized in order to sort the echoes into the proper sub-ranges.
Another disadvantage is that the variation in pulse width
purposely inserted must be prohibitively large in order
to prevent variations in pulse width due to the radial
extension of the target from giving false range indica-
tions,l

Pulse Carrier Frequency Modulation

With this system, successive pulses are transmitted
on different frequencies so that ambiguous pulses can be
separated on a freguency basis. Theoretically this method

is highly suitable for ambiguity elimination when MTI

lSignal Corps Contract DA36-039 SC-15555 First Q.P.R.
June 1952-September 1952, pp 34-38.

en—
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operation is not required, but it appears to be inherently
incompatible with coherent MTI systems. The PCFM system
is very inefficient in its use of the radio spectrum
since it requires several times the bandwidth of a
conventional r adar system. It requires essentially a
complete separate receiver for each freguency unless the
application is such as to require the display of only
one sub-range at a time., The problem of automatic
frequency control is very severe with PCFM unless-a
master oscillator power amplifier arrangement can be
used for the transmitter. This awaits the commercial

availability of suitable output tubesnl

Pulse Code Modulation

In this method, a group of pulses is transmitted

in place of each single pulse in an ordinary radar.

Successive pulse groups differ by the relative spacing
between the pulses or number of pulses in a group. After
n different pulse groups the modulation cycle is repeated.
The information conveyed by the coding of the echoes in
each group can be utilized to sort them into the appro-
priate channels,

The principal drawback to this method is that
overlapping of code groups resulting from closely spaced

targets will destroy the pulse group coding. Another

lSignal Corps Contract DA36-039 SC-15555 Pirst Q.P.R
June 1952-September 1952, pp 11-33.  Second Q.p.R. "
September 1952-December 1952, pp 17-27. e
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drawback is the difficulty of transmitting these high
power pulses in such quick succession. This method also
suffers from the inability to integrate signals below

the noise level.l

Time Sharing Radar
This systen employs a radar having two different
repetition rates available. The operating time is

divided between these two repetition rates manually or

automatically.,

Discrimination between TRI echoes and FRI echoes is

based on the fact that the range position of a FRI echo
on the display depends upon the time interval between
successive transmitter pulses. By switching the trans-
mitter repetition rate the FRI echoes are caused to
change range position on the display while the TRI
echoes remain fixed in range position. This allows
the operator to discriminate between the TRI echoes
and the FRI echoes,

The discussion above applies most directly to an
A- scope presentation of a fixed azimuthal direction,
however, the system is usable even when a PPI display
is used, The main virtue of this system is its
simplicity and ease of incorporation into existing

radars, and thus is especially applicable to existing

radars having higher time around echoes. The disadvan-

lsignal Corps Contract DA36-039 3C-15555 Final Report
June 1952-August 1953, p 26.
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tage of this system is that even though the FRI echoes are
discriminated they are not easily suppressed. This re-
quires the operator to select the TRI echoes from the
display.,l
Mixed PRF Radar

The Mixed PRF Radar is an extension of the Time Shar-
ing Radar. In this-system several different pulse repeti-
tion frequencies are used simultaneously instead of
sequentially as in the Time Sharing Radar.

The transmitter is triggered by a signal formed from
the sum of the outputs of n PRF generators of unequal PRF’s.
The transmitter output pulses are therefore nonuniformly
spaced. The highest single PRF of the individual PRF
generators is chosen to be the highest unambiguous PRF
allowable for the radar. Thus the average overall PRF
can approach n times the unambiguous pulse repetition
rate and consequently ambiguous or nany time around
echoes are present. Means for separating the TRI echoes
from the FRI echoes must be applied,

Since the echo spectrum of echoes from each PRF is
a different comb spectrum, separation of the FRI echoes
from the TRI echoes is possible by the use of comb
filters. The echo responses are applied to n sharply-
tuned comb filters in parallel, each of which will pass

only echoes from a particular PRF. Since each PRF is be-

1Signal Corps Contract DA36-039 S

C-56696 First Q.p.R
December 1953-March 1954 pp 13-17. 3 Mareh
1254-June 1954 pp 16-20. wecond Q.P.R. March
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low the maximum unambiguous PRF, each channel, represent-
ing the output of one comb filter, presents the complete
radar range in one indicator sweep.

To obtain the full signal to noise integration im-
provement, the n channels must be combined into one dis-
play. Conceptually simplest is a system which features
a cathode ray tube with n electron guns all scanning
the same line on the face of the tube and each intensity
modulated by the output of one of the n channels. An-
other scheme involves n storage tubes., Each storage tube
stores the signal output from one channel and then a
simultaneous read (and erase) of all storage tubes would
add the stored information from all channels. This summed
signal would then be the signal for the final scope dis-
play,l

In the Mixed PRF system employing comb filters the
discrimination and elimination of the FRI echoes is

accomplished simultaneously in the comb filters. The

characteristics of comb filters fpr this application are

discussed in the section on ambiguity filters.

Pulse Interval Modulation

In this system, the transmitter operates like a

conventional radar except that the pulse repetition

lSignal Corps Contract DA36-039 SC-56696 Fifth Q.P.R.
February 1955-April 1955, pp 55-72. Sixth Q.P.R. May
1955-July 1955, pp 9-45.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 : CIA-RDP81-01043R002900240002-8



Declassified in Part - Sanitized Copy Approved for Release

period is non-uniform. Since modulation of the pulse
repetition period can be accomplished in the triggering
circuits preceding the keyer, this type of modulation is
readily accomplished. In general, the amount of variation
required in the repetition period is small enough to
permit the ordinary resonant charging systems to be used
in the pulse generating network without difficulty.

When the echoes are received they are applied to
the vertical deflection or intensity modulation system
of an oscilloscope, the linear horizontal sweep of which
is triggered by each transmitted pulse of the radar. Let
Tj be the round trip echo time for a particular target.
If Tj is less than the duration of the sweep, the echo
will appear in the same position on every sweep since Tj
is constant. On the other hand, if Tj is somewhat longer
than the sweep duration, it will appear on the next sweep
(as an ambiguous echo) in a position corresponding to
Tj_Ti,i+l where Ti,i+l is the interval between the two
adjacent transmitted pulses. Since Tj is constant but
Ti,i+l is not constant, the position of the ambiguous
echo on the trace will vary from one sweep to the next,
Thus the FRI echoes appear spread out whereas the TRI
echoes all coincide, More distant targets can be viewed
as proper responses by introducing a fixed delay TD into

the sweep trigger system. Then the position of the echo

will correspond to Tj-TD which is fixed since TD is

constant. Of course, in this case, if Tj<'TD, the

@ 50-Yr 2014/01/31 : CIA-RDP81-01043R002900240002-8

target will appear ambiguous since it will be presented on
the preceding sub-range display which is synchronized with
an earlier transmitted pulse. Thus only one sub-range at
a time is displayed as unambiguous but any sub-range may

be chosen to be so displayed. Several displays could be

operated simultaneously, each set for a different sub-range,

thus displaying the total range,l

The advantages of the PIM system are integration of
true range indicating echoes in the presence of noise,
applicability to existing radars, and simplicity of
equipment involved. The disadvantage of having the
radar’s major range resolved into several sub-ranges is
relatively minor, since in some cases only one (the near-
est) sub-range is of interest or if desired the separate
sub-range displays can be re-combined into a single major
range display. Because of these promising advantages,
simulation equipment was designed and constructed for
experimentation and demonstration,

The pulse interval modulation system provides a
means for discriminating the FRI echoes. In order to

suppréss the discriminated FRI echoes, an ambiguity

Signal Corps Contract DA36-039 SC-15555 First Q.P.R.
June 1952-3eptember 1952, pp 39-45. Second Q.P.R.
September 1952-December 1952, pp 28-51. Third Q.P,R.
December 1952-March 1953, pp 10-58. Final Report gune
1952-August 1953, pp 29-62, 70-143. Signal-Corps Contract
DA36-039 SC-56696 First Q.P.R. December 1953-March 1954,
pp 18-85, Second Q.P.R., March 1954-June 1954, pp 21-45,
Third Q.P.R, June 1954-August 1954, pp 68-78, Interim
Report December 1953-January 1955, pp 32-57.
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suppression filter must be used. An optical-electronic METHODS FOR SUPPRESSING DISCRIMINATED

filter, an electrostatic storage tube filter, and a FALSE RANGE INDICATING ECHOES

magnetic storage filter have been devised for this function, Introduction

These are described in the section on ambiguity filters. Several methods for suppressing false range indicat-
ing (FRI) echoes have been devised, as shown in Figure 2
in the section entitled INTRODUCTION of this report. It
was pointed out there that it is highly desirable to
suppress the discriminated FRI echoes so that they will
not clutter up the indicator display. The ambiguity
filters devised to suppress the FRI echoes are used
either with the PIM system or the Mixed PRF system.

The Optical-Electronic, Storage-Tube, and
Magnetic-Storage Ambiguity Filters.are particularly
applicable to the PIM discrimination method. The
Optical-Electronic Ambiguity Filter has been investi-
gated both theoretically and experimentally. Despite
practical difficulties encountered in its operation,
experimental ambiguity suppression figures-of-merit
as high as 80, and noise suppression figures-of-merit
as high as 100, were obtained. A comprehensive
theoretical analysis of the Storage-Tube Ambiguity
Filter has not been completed but the experimental
investigation indicates that the filter is meritorious
practically as well as theoretically. Experimental
ambiguity suppression figures-of-merit as high as 50,
and noise suppression figures-of-merit as high as 15,

have been obtained under very restrictive operating

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 : CIA-RDP81-01043R002900240002-8



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 : CIA-RDP81-01043R002900240002-8

conditions. The Magnetic-Storage Ambiguity Filter is
introduced for the first time in this report. No
experimental work has been done, however, this filter
appears to have an excellent potentiality if the
problem of high frequency magnetic recording can be
solved. This is essentially a problem of obtaining
the high relative speed between the heads and the
magnetic-storage media necessary for adequate resolution.
The Comb-Filter Ambiguity Filter, used in the
Mixed PRF system, actually performs both the discrim-
ination and the suppression functions of the system.
No experimental work on either the Mixed PRF system

or the Comb-Filter Ambiguity Filter has been done.

Optical-Electronic Ambiguity Filter

The A- scope display (on a CRT) of echo information
received by a PIM radar consists of TRI echoes, under
which the baseline is broken on every sweep, and FRI
echoes, under which the baseline is broken only once
every n sweeps, Considering only the baseline, then,
TRI echoes are characterized by dark breaks in an
otherwise bright line. The baseline under the FRI
echoes is slightly less bright than the baseline where
no echoes appear. The large difference in brightness
between the baseline and the TRI echo positions, in
comparison to the small difference in brightness be-

tween the baseline and the FRI echo positions is the

basis for the ambiguity suppression in the Optical-

Electronic Ambiguity Filter,

The A- scope display of the TRI and FRI echoes from
the PIM radar receiver (on the Primary CRT) is focused
on the photosensitive target of a Vidicon camera tube
in the Scanner (TV pick-up camera)., The Vidicon electron
beanm reads thé information from the photosensitive
target by scanning along the baseline of the A- scope
picture on the target. The output current of the
Vidicon tube depends upon the amount of light which
has impinged on the target between successive scans
of the Vidicon electron beam. The baseline where no
echoes appear yields a large steady output current.

The output current drops to near zero when the break
under a TRI echo is scanned, and drops only slightly
when the baseline under a FRI echo is scanned. The
changes in output current constitute the output
signal of the filter, The output signal due to a
TRI echo is larger than that due to a FRI echo, and
thus suppression has been accomplished.

Theoretical analysis of the behavior of the
Primary CRT phosphor, the behavior of the Vidicon tube,
and the effects of pertinent system parameters have
been made, Experimental verifications of these
enalyses have also been made.

The maximum theoretical ambiguity suppression
figure-of-merit increases without limit as n increases,

The maximum experimental value obtained was 80 with an
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n of 12. The maximum theoretical noise suppression
figure-of-merit obtained from the restricted theoretical
analysis was 135, and an experimental value of approx-
imately 100 was obtained with the equipment used under

the optimum operating conditionsul

Storage-Tube Ambiguity Filter

In the Storage-Tube Ambiguity Filter an electro-
static barrier grid storage-tube is used to store and
integrate the echo information. The information is
written on the target by either deflection-modulation
of the electron beam (exactly as information is written
on the phosphor of the Primary CRT in the Optical-
Electronic Ambiguity Filter) or by negative-intensity-
modulation of the electron beam. The multiple writing
sweeps produce a charge pattern on the target of the
storage-tube similar to the brightness pattern on the
phosphor of the Primary CRT in the Optical-Electronic
Ambiguity Filter. During the reading operation in the
storage-tube the charge pattern is removed by scanning
the baseline of the charge picture and the output
signal that is obtained is similar to the outpgt signal

from the Vidicon of the Optical-Electronic Ambiguity

lSignal Corps Contract No. DA-36-039 5C-56696 Third Q.P

R, June 1954-August 1954, pp 13-67. Interi

December 1954-January 1955, pp 58-109, gii?hRspgrﬁ
February 1955-April 1955, pp 73-106. Sixth Q.P.R.
May 1955-July 1955, pp 126-186. Seventh Q.P.R, August
1955-October 1955, pp 8-97. srete fugus

: CIA-RDP81-01043R002900240002-8

Filter. A more detailed review of the operation of the
Storage=Tube Ambiguity Filter is presented in the
section entitled STORAGE-TUBE AMBIGUITY FILTER of this
report,

Some preliminary theoretical analyses of the
operation of the Storage-Tube Ambiguity Filter have
been made. A theoretical derivation of the ambiguity
suppression figure=of-merit for noiseless operation is
presented in this report. The theoretical determination
of the noise suppression figure-of-merit remains to be
made, Some experimental determinations of both these
figures=-of-merit have been made.

The maximum theoretical ambiguity suppression
figure-of-merit for noiseless operation is infinitely
large, even for finite values of n, if the optimum
operating parameters are used. The maximum experimental
value obtained was S0 under non-optimum operating
conditions with an n of 15, The maximum experimental
noise suppression figure-of-merit obtained was approx-

imately 15 under the same operating conditions,l

Magnetic-Storage Ambiguity Filter

The Magnetic-Storage Ambiguity Filter is first

introduced in this report. A moving magnetic-storage

15ignal Corps Contract No, DA-36-039 SC-56696 Second
Q.P.R. March 1954-June 1954, pp 124-142, Third Q.P.R.
June 1954-ARugust 1954, pp 103-128., Interim Repar t
December 1953-January 1955, pp 110-155, Fifth Q.P.R.
February 1955~April 1955, pp 15-54. Section entitled
STORAGE-TUBE AMBIGUITY FILTER, of this report.
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media (tape, drum, etc,) is used to store the echo
information from the PIM radar receiver. By the use
of multiple recording and reading heads the echo
information returned during n successive pulse
intervals is compared and selective TRI echo inte-
gration and FRI echo and r andom noise suppression
are performed. The magnetic-storage device also
provides the PIM triggering pulses for the radar
transmitter. Details of this system are presented
in the section entitled MAGNETIC-STORAGE AMBIGUITY
FILTER of this report.

Some preliminary theoretical analyses of the op-
eration of the Magnetic-Storage Ambiguity Filter Wave
been made, A simplified derivation of the minimum
magnetic-storage media speed necessary to record and
read out the echo signal is presented in this report,
Using the results of this derivation, equations for
the speed stability necessary for efficient TRI echo
integration and the write-head and read-head spacings
and spacing accuracy necessary for efficient TRI
echo integration have been derived,

No experimental
investigation of the filter has been made..

The maximum theoretical ambiguity suppression

figure-of-merit for noiseless linear operation of all

the system elements is n; The maximum theoretical

noise suppression figure-of'merit, under the same

pproved for Release @ 50-Yr 2014/01/31 : CIA-RDP81-01043R002900240002-8

conditions, is VF:I

Comb-Type Ambiguity Filter

The Comb-Type Ambiguity Filter is used with the
Mixed PRF radar system to provide discrimination and
suppression of FRI echoes and random noise. The echo
return from a target illuminated by a Mixed PRF radar
system to provide discrimination and suppression of
FRI echoes and random noise. The echo returns from
a target illuminated by a Mixed PRF radar transmitter
is a composite of n periodic echo pulse trains with
repetition rates equal to the individual PRF’s that
make up the composite triggering PRF for the trans-
mitter, The total composite echo r eturn is fed into
n periodic filters (comb-filters) in parallel, the
periodicities of the filters being equal to the
individual PRF’s in the composite triggering PRF.

The outputs of the comb-filters are the echoes due
to the single individual PRF to which the comb-
filter is- tuned. Although the sum of the n
different individual PRF’s may be sufficiently

large so as to cause higher—time-around echoes

(and consequently range ambiguities), the individual
PRF’s are selected to be below the maximum un-=

embiguous PRF, and thus the output of each comb-filter
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presents the entire radar range with no range ambiguities.
The outputs of the n comb-filters are added together to
take full advantage of the high composite PRF in inte-
grating the TRI echoes and suppressing the random noise
without the range ambiguities that would ordinarily be
present in the absence of the ambiguity filter.

The comb-filters that were theoretically investi-
gated were of the delay line type, using linear ampli=
fiers constant time delay devices, and linear adders
in both feedback and non-feedback circuits. Methods
of approximating any desired comb-filter pass band
shape were devised. The transient response of comb-
filters was given some preliminary theoretical
investigation. The ambiguity suppression figures-
of-merit and the noise suppression figures-of-merit
for some simple feedback type comb-filters were
derived for idealized operating conditions. No
experimental work on any of the delay line type
comb-filters was done,

The theoretical ambiguity suppression figure-of-
merit and the theoretical noise suppression figure-of-
merit for a Comb-Type Ambiguity Filter using a simple
feedback type comb-filter increase as the feedback
loop gain increases, For a loop gain of 0,95, a
maximum ambiguity suppression figure-of-merit of 20

and a maximum noise suppression figure-of-merit of 9

are theoretically possible,l

1Signal Corps Contract No, DA-36-039 SC-56696 Fifth Q.P.
R. February 1955-April 1955, pp 55-72 and pp 119-170,
Sixth Q.P.R., May 1955-July 1955 pp 9-45 and pp 187-229.
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DESCRIPTION OF EXPERIMENTAL EQUIPMENT

INTRODUCTION

Equipment has been assembled and built to simulate
a PIM radar system for experimental and demonstrational
purposes, This consists of a PIM Radar Simulator,
Optical-Electronic Ambiguity Filter, and Storage-Tube
Ambiguity Filter,

Figures 3 and 4 show front and rear views of
the complete group of equipment. The rack on the left
in Figure 3 is the PIM Radar Simulator, consisting of
the PIM Modulator, Noise Generator and Signal and Noise
Mixer, Counter, Artificial Echo Unit, Voltage Regulator,
and Power Supply. The other two racks compose the
Optical-Electronic Ambiguity Filter. The center rack
contains the Staircase Voltage Generator, Horizontal
and Vertical Deflection Amplifiers, Tektronix Pulse
and Waveform Generators, Voltage Regulator, and Power
Supply. The rack on the right contains the TIC
Vertical Deflection Amplifier, 5 Channel Oscillo-
scope with the Dage TV Camera mounted in front, High
Voltage Power Supply, Voltage Regulator, and Dual D.C.
Power Supply. At the left of the racks is the Storage-
Tube Ambiguity Filter consisting of the Storage Tube
Un*t with the Potential Shifter on the front and the
Tektronix Read Amplifier. The Tektronix Model 535
Oscilloscope on the portable dolly is used as the

Secondary Indicator in both the Optical-Electronic and
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PIM RADAR SIMULATOR

A block diagram of the PIM Radar Simulator, which
produces simulated transmitter pulses and target echoes
and a counter output pulse once each modulation cycle,
to trigger the Gate Generator in the Storage-Tube
Ambiguity Filter, is shown in Figure 5. The PIM Radar
Simulator is composed of a PIM Modulator, Counter, Art-
ificial Echo Unit, Random Noise Generator, and Noise and
Echo Mixer,

The PIM Modulator produces the transmitter pulse
output which is a train of pulse interval time modulated
pulses, The modulation of the time interval is a
synchronous sawtooth function. To provide synchroni-
zation of the sawtooth function with the pulse train a
preset counter is used to count the output pulses.

The counter returns a pulse to the PIM Modulator to
initiate the sawtooth modulating function for every n
pulses from the PIM Modulator,

The Artificial Echo Unit produces two echo simulat-
ing pulses for every transmitter pulse, each of which is
displaced from the transmitter pulse by a fixed but
controlled period of time. These two pulses simulate
returns from two different targets. To provide a
response that more closely approximates that of an actual
radar the output of the Artificial Echo Unit is mixed
in the Signal and Noise Mixer with the output of a
Random Noise Generator, The output of the Signal and

Noise Mixer is the Simulated Target Response,

43
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PIM Modulator

The output of the PIM Modulator is a train of
interval modulated pulses. The average pulse interval
can be varied from 25 to 500 microsecond. The major
period in which modulation of the pulse intervals takes
place is chosen to be 2000 microseconds,

Figure 6 is a block diagram of the PIM Modulator
and Figure 7 is the schematic diagram. The Pulse
GeneratorV3 is a free running multivibrator, which
generates ‘the transmitter pulses. The frequency of
the Pulse Generator is controlled by the time constant
of the grid circuit of V3A and the potential applied to
this grid. The average frequency is controlled by the
adjustment of R105 which is in the grid circuit of V38A.
The Pulse Generator is modula{ed by the sawtooth of
voltage across the 25K resistance in the cathode circuit
of V2B, which is -the modulator, The sawtooth modulating
voltage is generated in V1, the Sawtooth Generator. The
Sawtooth Generator is triggered by the output pulse of
the counter. The time constant of the plate circuit is
controlled by the Linearity Control to provide a linear
sawtooth voltage on the plate of the Sawtooth Generator
of 2000 microsecond duration. This sawtooth of voltage
is amplified in V2A and fed to the grid of the Modulator
cathode follower V2B,

The modulated train of pulses from the Pulse

Generator is fed to two Pulse Amplifiers, V4 and V5, for
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distribution to the output jacks.,l

Figure 8 shows the Panel, Rear, and Bottom views of
the PIM Modulator.
Counter

This is a Model 5423R Berkeley Counter and acts as a

dividing Circuit. By pre-selecting a number n on the
keyboard of the Counter, there will appear one pulse at
the output of the Counter for every n pulses at the
input. The output pulse of the Counter is fed back to

the Modulator to re-cycle the modulation period.

Artificial Echo Unit

This unit is driven by the transmitter pulse from
the PIM Modulator and generates pulses of variable
width and amplitude, delayed from the input pulses by
an adjustable amount of time, Two pulses can be pro=
duced for each input pulse representing echoes from two
different targets.

Figure 9 is a block diagram of the Artificial Echo
Unit and Figure 10 is the schematic diagram. The in-
coming pulse from the PIM Modulator is amplified and
inverted in V1., After being amplified and inverted
the pulse triggers a one-shot multivibrator (V2)

which produces a pulse delayed from the input pulse by

1
Signal Corps Contract No, DA-36039 SC-56696 Interim
Report December 1953-January 1955, pp 42-43.
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20 to 500 microseconds. The output of the one-shot

multivibrator is put through a buffer amplifier (V3)

and applied to a pulse shaping circuit (V4) which generates
a rectangular pulse whose duration can be varied between

Panel View 1.3 and 10 microseconds., The pulse output of this stage
is delayed from the transmitter pulse by the time deter-

mined in the 1lst Delay Multivibrator V2. The output of
the buffer amplifier (V3) is also applied to the 2nd
Delay Multivibrator (VS5) which is a one-shot multivibrator.
The output of this one-shot multivibrator is applied to
a pulse shaping circuit (V7) through a buffer amplifier
Rear View. (V6). The output of this pulse shaping circuit is a
rectangular pulse similar to the output of V4 and is
the second simulated target echo which is delayed from
the transmitter pulse by the sum of the two delay multi-
vibrator delay times,

The output of the pulse shaping circuits are mixed
Bottom View. together in the Echo Mixer (V8). The output of the
. Echo Mixer is coupled to the output connector by a
cathode follower (V9).

Figure 11 shows the Panel, Rear, and Bottom views
of the Artificial Echo Unit. Alsc included on the

chassis is some of the storage tube control circuitry.

Artificial Echo Unit

A General Radio Random Noise Generator Type No.

e 1390A is used along with its voltage divider. This noise
Figure 11
generator has filters to provide random noise with band
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of 5 MC, 50C XC or 20 XZ. The RMS value of noise
an 800 ohm load can be varied from zero to 2

8C0 ohms being the equivalent output impedance
generator, Throughout the expefimental work,

@hen otherwise mentioned, noise with 5 MC band

and Echo Mizer
This unit mixes the output of the Artificial Echo
#ith the output of the Noise Generator,

Figure 12 is the schematic diagram of the Noise and

Echo Mizer. The mixing of the signals is accomplished by

SIGNAL TO NOISE
RATIO0 ADTUSTMENT

the use of two cathode followers with a common cathode

load.

Adjustment of tHe signal to noise ratio is provided

by the 10 X potentiometer in the cathode of the noise

cathode follower,

Figure 12

Figure 13 is the Panel, Rear, and Bottom views of

Noise and Echo Mixer

the rack unit consisting of the Noise Generator and

the Noise and Echo ifixer,

%/OOK

VI GALS

SIGNAL
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OPTICAL-ELECTRONIC AMBIGUITY FILTER

Figure 14 is a block diagram of the Optical-Electronic
Ambiguity Filter. The simulated radar response from the
PIM Radar Simulator is applied as vertical deflection to
Panel View the Primary Indicator, The sweep of the Primary Indicator
is triggered by the transmitter pulse from the PIM Radar
Simulator. The sweep length of the Primary Indicator is
adjusted to be slightly less than the shortest interval
between transmitter pulses.

B Tektronix Type 162 Waveform Generator is operated as

Rear View spa
a free running pulse generator to determine the repetition

.
rate of the Dage TV Camera scanner. A second Type 162

Waveform Generator is operated as a triggered sawtooth
generator to develop horizontal sweep voltage for the
scanner. This sawtooth sweep voltage is amplified in the
Botton View Horizontal Deflection Amplifier which drives the Horizontal
Deflection Coil of the scanner with a sawtooth of current.

The scanner is a Dage Television Camera Model 10C B.
Under this operation only the Vidicon, Video Amplifier,
and Power Supplies are used. The Vidicon beam is not
deflected vertically, but is deflected horizontally as
discussed above.

The Secondary Indicator is a Tektronix Oscilloscope

Tvge 535, triggered by the Waveform Generator which

rerator and loise and Echo Mixer o P determines the repetition rate of the scanner. The

Vidicon output is presented as vertical deflection on

Tigqure 13

the Secondary Indicator.
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Since the PIM radar presents the information in a
number of sub-intervals, recombination of the sub-intervals
is necessary. The recombini®gon of subranges has been
demonstrated with the Optical-Electronic Ambiguity Filter

experimental equipment for the case of three sub-intervals.

Figure 15 is a block diagram of the recombing

system. In recombining, the simulated radar response is

presented as vertical deflection to the 5 Channel

Oscilloscope which is the Primary Indicator, A 5

Beoondary
Indleatoy

donnney

Channel Oscilloscope was constructed but due to the cost

]

of the Tektronix pulse and sawtooth generation equipment
required for sweep generation only three sub-intervals
were recombined. Additional pulse and sawtooth generation

equipment would allow the recombination of up to five

sub-intervals with the existing Primary Indicator (5

‘I or

ALY

Channel Oscilloscope) and Scanner. The horizontal sweeps

Horduonbal
Deflesblon
AmpLiflor
Figure 14

Nt fon

of the 5 Channel Oscilloscope are delayed by slightly

Triggered

Sawtooth
Generator

Trigger

|

less than one pulse interval from each other., The

scanner is caused to sweep the traces of the Primary

Indicator in sequence and present the recombined infor-

Optical-Electronic Ambiguity Filter System

mation in one continuous sweep, eliminating the ambig-
uities of the false responses in the recombining opera-
tion,

To develop the sweep voltages for the 5 Channel

Aator

Oscilloscope, Tektronix Type 162 Waveform Generators and

Free—
Generator

Type 163 Pulse Generators are used,

The transmitter pulse from the PIM Radar Simulator
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is applied to a Type 163 Pulse Generator which in turn

triggers the first Type 162 Waveform Generator. ’ The

Waveform Generator generates a sawtooth voltage waveform
with duration slightly less than the smallest interval

between transmitter pulses., This sawtooth waveform is

used to form the sweep voltage for the first beam in the

5 Channel Oscilloscope.

The sawtooth voltage from the first Waveform Genera-

tor is also used by the second Pulse Generator as a time

delay before triggering. The output pulse from the
second Pulse Generator can be delayed from O to 100

percent of the duration of the first sawtooth voltage.

The second Pulse Generator triggers the second Waveform

Generator which generates a sawtooth voltage for sweep

of the second beam of the 5 Channel Osci lloscope. The

sawtooth voltage of the Second Waveform Generator is

coupled to the third Pulse Generator and the process is

repeated for the third beam of the 5 Channel Oscilloscope.

The simulated radar response is amplified by the

TIC Vertical Deflection Amplifier and applied to all of

the traces of the 5 Channel Oscilloscope simultaneously.

An additional Tektronix Type 162 Waveform Generator

is used to provide the sweep repetition frequency for the

scanner, This Waveform Generator operates recurrently

and provides a sawtooth voltage output which is applied

to the sawtooth input of the Horizontal Deflection

Tnizz ~TeoIrortis Micioxioy T SoEremss Combhinine
= EETELZE ombdning System Amplifier, The Waveform Generator also provides a
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pulse to trigger a Pulse Generator which is used as a
pulse to operate the Staircase Voltage Generator. The
pulse from the Pulse Generator is also applied to the
Horizontal Deflection Amplifier to cause a more rapid

retrace,

Positioning
| iroumit

The Staircase Voltage Generator produces a stair-

case of voltage, the number of steps selected by the
front panel switch each step initiated by a pulse from

the Pulse Generator. This staircase voltage is amplified

in the Vertical Deflection Amplifier and applied to the

scanner as a staircase of current through the vertical

deflection coil, The combination of the staircase on

the vertical and sawtooth on the horizontal causes the

Dulfont Type 722 . scanner to scan the primary traces successively, The

5 Gun CRT
Secondary Indicator is triggered from the Staircase

Generator and is sweep once for each staircase., The

Vidicon output is applied as vertical deflection on the

Secondary Indicator which presents the sub-ranges

recombined in a total range display.

5 Channel Oscilloscope

Figure 16 is a block diagram of the 5 Channel

Oscilloscope and Figures 17, 18, and 19 are the
schematic diagrams,

The cathode ray tube used in this Oscilloscope is

a 7YP2 which has five complete electron gun assemblies,
Each electron gun as a complete set of deflection plates,

allowing independent deflection of each beam,

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 : CIA-RDP81-01043R002900240002-8
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Staircase Voltage Generator

The Staircase Voltage Generator is driven by pulses
from the Tektronix Type 163 Pulse Generator. As each
pulse enters, the output voltage of the Staircase
Generator changes abruptly from its previous level to
a new level, After a selected number of level changes,
or steps, (between one and five) the level returns to
the initial value and the cycle repeats,

Figure 21 is a block diagram of the Staircase
Voltage Generator and Figures 22 , 23, 24, and 25 are
the schematic diagrams. At the start of a cycle all
the gates are closed (a pulse input to either input alone
will not cause an output pulse), all the triggers (bi-
stable Eccles-Jordan circuits) are in the same initial
state (in this initial condition they will change state
if a pulse is applied to the left side input but not
if the pulse is applied to the right side input), the
output-cathode-followers all have a positive dc poten-
tial at their input, and the reset-one-shot-multi-
vibrator is in its stable condition. A train of
positive pulses from the Tektronix Type 163 Pulse
Generator is applied to the input-pulse-amplifier,
Pulse No, 1 is amplified and fed to trigger No. 1 and
one input of all the gate circuits. Since all the
gates are closed, no output pulses are obtained from
any of the gates, Trigger No. 1 is caused to change

from its initial state to its other stable state. This
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change of state causes the dc level of the output of trigger
No. 1, which goes to the delay circuit, to change, and

after a short delay period this change of dc level is

transferred to the input of gate No., 1. No output pulse

is generated by gate No. 1, however, it is now open to

pulses from the input-pulse-amplifier. Another output

from trigger No. 1 changes the dc level at the input to

output cathode follower No. 1, this change in dc level

changes the current through the common load impedance

and consequently the voltage across it which is the

[VOLTACE DIVIDER

output voltage. This is the first step.

Pulse No, 2 is amplified and also fed to trigger
No., 1 and one input of all the gate circuits. Since
trigger No. 1 has already been triggered by pulse No. 1,
no further action occurs here, At the gate circuits,
all the gates are closed except gate No. 1. Thus gates
No. 2, No. 3, No. 4, and No. 5 have no output pulses, but
gate No. 1 has. . This output pulse from gate No. 1 goes to
the input of trigger No. 2 which changes state. This

cl{ange of state unblocks gate No, 2 after a short time

Staircase Voltage Generator - "Number
of-Steps" Switch and Voltage Divider

delay and changes the dc level at the input to output-

SWITCH

cathode-follower No. 2 immediately. The change in

level at the input of output-cathode-follower No. 2

200
m
1T
POrw
Ll
2000,

P27

L

changes the current through the common load impedance

2

and consequently the voltages across it. This gives

the second step in the output staircase.

As pulses No, 3, No. 4, and No. S enter, the

-+

TO TRIG #5

<
TO TRIG. *4

TO RESET
To TRIG. ¥3

M.V
TO TRIG.

process continues in similar fashion triggering triggers
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The sync.-pulse-output-amplifier shown in Figure 23
delivers an external sync pulse in synchronism with the
first step in the staircase voltage output. This sync
pulse is used to synchronize the sweep of the Secondary
Indicator.l

Figure 26 shows the Panel, Rear, and Bottom views of

the Staircase Voltage Generator.

Vertical Deflection Amplifier

Figure 27 is a block diagram of the Vertical Deflect-
ion Amplifier and Figure 28 is the schematic diagram. The
Vertical Deflection Amplifier accepts the staircase voltage
from the Staircase Voltage Generator and produces a
current of the same waveform in the Vertical Deflection
Coil of the Vidicon tube,

The Vertical Deflection Amplifier is essentially a
power amplifier with a lapge amount of negative current
feedback., The circuit is composed of two resistance
coupled voltage amplifiers, (V1A and V2R), a power
amplifier (V3), feedback voltage regulator (V4), feedback
amplifier (VS), feedback cathode follower (V2B), and
linearity control (V1B),

The input voltage is appliedto the cathode of
V1A. Since the grid-to-cathode voltage of V1A is a

func_‘iion of not only theinput voltage but also of the

1a. A
Signal Corps Contract No. DA-36-039 SC-56 i
R. May 1955-July 1955, pp 80-103. 696 Sixth Q.P.

grid voltage which is controlled by the cathode voltage
of V2B, the plate voltage of V1A is a function of both
the input voltage and the cathode follower (V2B) current.
The effect of the grid voltage on V1A may be such as to
either increase or decrease the gain depending on the
phase relation between the grid voltage and the input
voltage. In this circuit, the two are 180 degrees out
of phase, hence the voltage from V2B tends to reduce

the gain of the first stage (V1A), providing that the
deflection coil current has the same waveform as the
input voltage, The ac components of the plate wave-
form of VIA are coupled to the grid of V2A. V2A is

a linear voltage amplifier and the ac components of its
plate voltage are coupled to the grid of V3, With no
input signal at the grid of V3 the vertical position
bias control provides the necessary bias to the grid of
V3 so that the plate voltage of V3 is approximately 100
volts. The deflection coil is connected between point X
and the plate of V3. Point X is maintained at 100 volts
by V4 and under these conditions the voltage across the
deflection coil is zero, consequently the coil current
is zero, I1f a positive signal is applied at the input,
the grid of V3 will be driven negative by the voltage
amplifiers (V1A and V2B). The plate voltages of V3 will
rise above 100 volts, impressing a voltage across the
deflection coil from the plate of V3 to point X. This

current flowing thru the 5.1 X ohm resistor in the

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 : CIA-RDP81-01043R002900240002-8
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cathode circuit of V4 causes an additional voltage drop

across the cathode resistor. This additional voltage
drop is partially cancelled out by a decrease of current

flow thru V4 since the grids of V4 are maintained at a

fixed potential., The rise in voltage on the cathodes Panel View
of V4 is also present on the cathodes of V5, The grids
of V5 are also held at a fixed pote;\tial and the rise in
voltage on the cathodes causes the plate voltage of VS
to increase, The plates of VS are direct coupléd to V2B
which is a cathode follower. The cathode follower out-
put which is a rise in voltages across the amplitude
control is applied to the grid of V1A thru a resistive
network. This resistive network in conjunction with

V1B sets the reference level of the feedback voltage

thereby controlling the linearity, If the above process

proceeds instantaneously, the coil current follows the

variations in the input voltage with no time lag, If
the coil current does not follow instantaneously, the
cancelling effect of the voltage from V2B fed back to
V1A will lag-\: and the gain of this first stage will
be much greater than before. This increased gain will
cause a much higher voltage to be applied to the de-

flection coil to accelerate the current change, When

the change does occur, the feedback will reduce the Vertical Deflection Amplitier
ertlca. el le

gain of the input stage which removes the e xcess

voltage from the deflection coil, Direct coupling in Figure 29

the feedback loop is employed to improve the low

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 : CIA-RDP81-01043R002900240002-8
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frequency responseul
Figure 29 shows the Panel, Side, and Rear views of

the Vertical Deflection Amplifier.

Horizontal Deflection Amplifier

Figure 30 is a block diagram of the Horizontal
Deflection Amplifier and Figure 31 is the schematic

diagram.,

The sawtooth voltage input from the Tektronix Sawtooth| Sawtboth
Amplitier
Type 162 Waveform Generator is amplified in V1A and put V1A

- mixed, in the common plate resistor, with the pulse . Power
Amplifier
\3

from ‘Ishe type 163 Pulse Generator which is amplified

in V1B, The output from V1, which is a sawtooth voltage Pal Pulse
se

with a rapid decay and negative overshoot, is coupled to put Avi‘gliﬁ“

V2, the power amplifier. V3 and V4 form a voltage

regulator which maintains a constant voltage at point Y. °r
The deflection voltage for the horizontal deflection

coil is developed between the plate of V2 and point Y.

Horizontal positioning is accomplished by adjusting

Reference
Voltage

Re it
V2 and average current thru the deflection coil‘,2 v;%?l%;r

the bias on V2 and thus the average plate voltage of

Figure 32 shows the Panel, Side, and Rear views

of the Horizontal Deflection Amplifier,

1
P.R. May 1955-July 1955, pp 104-125
24

Signal Corps Contract No, DA-36-039 Se- i i
P.R. May 1955-July 1955, pp 73-g0,  ~coc0 Sixth Q. ‘

Signal Corps Contract No. DA-36-039 SC-56696 Sixth Q

. Horizontal Deflection Amplifier

Figure 30

84 85
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Figure 32

Horizontal Deflection Amplifier
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STORAGE -TUBE AMBIGUITY FILTER

l
g In the Storage-Tube Ambiguity Filter system the
% barrier grid storage-tube essentially replaces the
? Primary Indicator and the Scanner of the Optical-
E Electronic Ambiguity Filter system.
? Figures 33 and’'34 are block diagrams of the two
Storage-Tube Ambiguity Filter systems which have been
considered, They differ only in the method of writing
the simulated radar response in the storage tube.,
/ The PIM Radar Simulator provides the transmitter
pulses for timing, simulated radar responses, and the
t counter output pulse. The counter output pulse triggers
‘ the Gate Generator which produces a gate of one pulse
interval duration once in every modulation cycle.
During this gate interval the information deposited
in the storage tube during the other n-1 pulse intervals
in the_modulation cycle is read out.

The Gate Generator’s output is applied to the
Write Amplifier to disable the Write Amplifier during
the reading time. The Gate Generator’s output is also
applied to the Potential Shifter which shifts the
voltage between the back plate and the barrier grid
of the storage tube to change the storage tube from a
write to a read condition. The output of the storage
tube is amplified by the Read Amplifier and observed

on the Secondary Indicator which is triggered by the

M Gate Generator.

88
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between successive transmitter pulses. Tube V2A is a
cathode follower whose output is clipped to obtain a flat
topped gate. An output is taken from this cathode follower
for the Potential Shifter. The gate pulse is amplified

in V2B and distributed by the distribution amplifier

OUTPUT

(V3) with outputs taken from V3A (negative) and V3B

TO
WRITE
AMLIFIER

(positive) . The negative gate output is used for trigger-

12 AV7
LinTensipiER

ing purposes and beam intensifying and the positive gate
output is used to gate the Write Amplifier.l
The circuitry of the Gate Generator is included

on the Artificial Echo Unit chassis.

TS_::,——.I

DISTRIBUTION AMPLIFIERS
005

5 12AU7

Write Amplifier
Figure 37 is a block diagram of the Write Amplifier

POTENTIAL

SHIFT

r

and Figure 38 is the schematic diagram.
The simulated radar response is applied to the

control grid of the gated video amplifier (V1). This

Cabte Generator
Figure 36

T
$
o
8
pu}
e
<

~
=
<
a
~ou

video amplifier is gated off during the read interval by
lowering the screen grid potential to below the cathode
potential, thereby cutting the tube of f. This is
accomplished by connecting the screen grid of the gated

video amplifier to the plate of the gate tube (V2)

12AU7

which is driven into heavy conduction during the read

GATE GENERATOR

interval by the positive gate input from the Gate

Generator.

lSigr\al Corps Contract No. DA-36-039 SC-56696 Fifth Q.
P. R. February 1955-April 1955, pp 107-118.
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Figure 39
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Pobenbial Shifter

Figure 40
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During writing V2 is in conduction and V3 is cut off.

In this condition the diode gate (V4) is in conduction

and current flows thru the potential shift load resistance.
This current provides a voltage drop across the resistance

which makes the back plate positive with respect to the

barrier grid.

to ground.

The positive input from the Gate Generator during
the read time cuts V2 off and causes V3 to conduct.
additional voltage developed across the common cathéde
resistance of V3 and V4 opens the diode gateﬂ ‘

In this condition there is no current thru the

potential shif{ér load resistor and the back plate and

barrier grid are at the same potential.

gate has opened the back plate has a high impedance to

common thru the output load impedance.

of bias voltage is provided to compensate for the diode

drop during writing and provide a constant level output

over the entire cycle.

across the output load impedance is cathode followed in

V1A and applied to the Read Amplifier.

Shifter can be seen mounted on the front of the Storage-

Tube Unit which is the Type 315 Tektronix Scope in Figure 42

Jtorage-Tube Unit

This unit is a Type 315 Tektronix Scope with the
CRT removed and replaced by the Radechon Type C 7340SA

storage-tube.

The diode gate provides the low impedance

Since the diode

A small amount

The output signal developed

The high voltage supply and the horizon-
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315 Tektronix Scope with Radechon Tube

Figure 41
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Panel View

Side View

Top View

Storage-Tube Unit

Figure 42




i
i
i
i

tal and vertical deflection circuits of the oscilloscope
are used with the storage-tube.

Figure 41 is a block diagram of the unit. The
horizontal sweep is triggered by the transmitter pulses
from the PIM Radar Simulator. The duration of the sweep
is manually controlled to correspond to the smallest
interval ketween two successive transmitter pulses,

The output of the Write Amplifier is applied to the
vertical deflection amplifier’s input for Deflection-
Modulatioen, Base-Line-Scanniné and to the cathode of
the storage tube for Negative-Intensity-Modulation,
Base-Line-Scanning,

The collector current of the storage tube is metered
by a Simpson Type 268 meter.

The Potential Shifter chassis is mounted on the
front of the Type 315 Tektronix scope to allow for the
shortest lead connections to the barrier grid and the
back plate.l

Figure 42 shows the Front, Top, and Side views of
the Storage-Tube Unit.

Read Amplifier

This is a Tektronix Type 121 Wide Band Pre-Amplifier.

las
Signal Corps Contract No, DA-36-039 SC- i
R. February 1955-BApril 1955, pp 107-?&8?6696 Fifen Q.P.
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POWER SUPPLIES AND REGULATORS

D.C. Voltage Regulators

Three units of this type were constructed to provide
the necessary plate supply and bias voltages with a
minimum number of power supplies.

Figure 43 is the schematic diagram of the plug=in
regulator unit constructed by Mega Research, Inc., of
Dover, N.J., with the necessary modifications listed
to determine the range of operation and the polarity
of the output voltage.

Figure 44 is the schematic diagram of two of the
IC Voltage Regulators constructed for positive-voltage
regulation. Each regulator unit is capable of pro-
viding two regulated and metered output voltages from
one power supply. The power supply output itself is
also metered in the regulator unit and is also available
at the output terminals of the regulator unit.

Figure 45 is the schematic diagram of the third IC
Voltage Regulator. This unit was constructed to regulate
the output two negative-voltage supplies,

Figure 46 shows the Panel, Rear, and Bottom views

of the DC Voltage Regulator.

High Voltage Power Supply

Figure 47 is a schematic diagram of the High Voltage
Power Supply which provides accelerating and post accel-

erating voltage to the 5 Channel Oscilloscope. The High

Voltage Power Supply provides a positive 3500 volt output
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D. C. Voltage Regulator for Negative Voltage Operation
Pigure 45
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Figure 46
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Figure 49
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TRANSIENT RESPONSE OF PHOSPHORS
THEORETICAL DERIVATION

Introduction

The operation of the Optical-Electronic Ambiguity
Filter depends upon the brightness difference in the
primary cathode ray tube trace baseline between the
position of a TRI (true range indicating) echo and the
remainder of the trace baseline. The brightness
difference between the position of a FRI (false range
indicating) echo and the remainder of the trace base-
line should be minimized for optimum ambiguity
suppression. Variations in the baseline brightness
due to random noise should also be minimized for
optimum noise suppression. In previous reportsl a
simplified analysis of the transient brightness
variation and the experimental verification thereof
were presented. Some discrepancies2 between the
theoretical and experimental results were noted and
ascribed to inaccuracy of the simplifying assumptions
made in the analysis under the particular conditions

prevailing. A more comprehensive analysis of the

lSignal Corps Contract No. DA-36-039 SC-56696 Third Q.
P.R., June 1954-Rugust 1954, pp 13-67. Seventh Q.P.R.
August 1955-October 1955, pp 8-32.

2T‘ne average brightress-of the phosphor observed ex- ..
perimentally at very high and very low excitations was

from 10 to 50 percent, respectively, different from the
theoretically calculated average brightness.
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activators, and the foreign elements giving unfavorable
effects are called quenchers or killers. The activators
may be metallic, such as zinc, copper, silver, or
. manganese, or non-metallic, such as uncombined sulfer
in the sulfide phosphors. Quenching can be produced by
metallic impurities, such as iron, nickel, or cobalt,
or by an excess of the same elements that act as
- activatots,l
The luminescent behavior of a phosphor depends upon
its basic crystal type, the activators and quenchers
present, and the crystalline structure as determined by

manufacturing technique.

Phosphor Excitation and De-Excitation

N When a phosphor is bombarded by a high energy
electron beam the primary beam electrons penetrate the
crystal structure. Electrons in the crystals may receive
energy from the primary electrons by collision, and
leave their normal energy levels. Several sequences of
events may then occur, the exact and complete nature of
which are not fully known and may differ from one phos=
phor to another., An over-all picture shows some
electrons being raised from their normal energy levels
to the conduction-band. The holes left by these electrons
subsequently migrate thru the crystal structure until they

are "trapped” by luminescent-centers or quencher-centers

lP, Pringsheim, Fluorenscence and Phosphorescence, Inter-
science Publishers, Inc., 1949,
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locatzd at the sites of sctivators and guenchers, res-
pectively, Some electrons in the conduction-band drop
tc lower energy levels in the luminescent-centers which
have holes trapped in them and radiste the erergy
i¥ference as one photon (hf). Through vibrationzl
enargy loss some electrons in the conduction-hand drop
have holes trepped in them, By these radiative and non-
radiative 2lectron transitions the holes ars fillad,

Som= conduction-band electrons may lose & small gmamTit

of 2nergy and become trapped in high-energy-eleciron-
+traps slightly below the ccnduction-band. Thess high-
2nergy-2leciron-iraps are located at the sitss of
impurities or crystal structure defects. The absorsiion

of 2n2rgy by theses elecirons raises them from ths

ernergy-slectron-traps tc the conduction-band.
When the primary electron beam is removed,
phosphor is in an sxcited state, having both trapped
2lecirons and trapped holes, Electrons from the
corduction~band and elscircns raised from the high-
energy-2leciron-iraps into the conducticn-band make

o the luminescent-centers

tramsitions to the quencher-centers

holas in these centers.
The mechanism of luminScence is the radiative

transitaon of elscirons from the conduction~band to

luminesceni-centers comtaining holes, A luminescent-
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center containing a hole is excited, and decays when the
hole is filled by the radiative transition of an electron
to the luminescent -center. The transient behavior of
phosphors is couched in terms of the excitation and

decay of luminescent-centers in the phosphor.

Decay of Luminescent-Centers

The transient response of a phosphor during decay
is analyzed first because the ’nu.mber of factors involved
in the decay mechanism is less than the number involved
in the excitation mechanism, making the development more
easily followed and facilitating the introduction of
special notation.

The phosphor may contain several types of lumine-
scent-centers, designated as types 1, 2, coo 1 cuo o
If a particular activator structure in the crystal
iattice traps n holes, it is considered not as a single
luminescent-center but rather as n distinct luminescent-
centers., The multiple centers could be several centers
of a single type or of different types. The number of
luminescent-centers per unit area of the screen of each
type are designated as Nl' NZ' e Ni, o0o, and the
number of these which are excited are designated as Nef]_' Nez'
teeo Nei' oeo , The probability time densitites of decay
of the excited luminescent -centers (which are just the
probabilities that electrons will make the transiti‘on_'

from the conduction-band to the luminescept-centers in

unit time) are denoted by py3, Pgge °°° Pgj °°ee
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Since the decay mechanism is the same for all types
of luminescent-centers, the analysis is carried out for
the ith type to provide results applicable to all types.

The average change in the number of excited
luminescent-centers per unit area of the screen of the
th

i type (dNei) in a time interval dt is

(1) dN N ;dt

ei - "Pdi
In order to solve the differential equation in (1) the
dependence of pgj on Nei and t must be known explicitly.
It should be pointed out that Pgj may be a function of
other variables, such as temperature, incident electro-
magnetic radiation, excess of electrons in the conduction
band, and so forth., Radiation from the decay of lumine-
scent-centers within the phosphor itself has negligible
effect since most phosphors do not readily absorb their
own radiationul

The probability time density of decay of the
luminescent-centers (pdi) depends upon where the trans-
ition-electrons (electrons that can ultimately make
radiative transitions to the luminescent-centers) are,
and how many are present. If all the transition-

electrons are in the conduction-band, Pgj is just the

probability time density that electrons in the conduction=-

band will combine with holes trapped in the luminescent-

lT. Soller, M, Starr, G. Valley, Cathode Ray Tube Displ
McGraw-Hill Book Company, Inc., 1948, v iepLays,

centers (pci)u In long persistence phosphors, an appreci-
able fraction of the electrons needed to fill the trapped
holes are trapped in'high-energy-electron—traps and must
leave these traps and return to the conduction-band
before they can make the radiative transitions to the
luminescent-centers. In these phosphors, Pgi will depend
upon the probability time density that electrons in the
conduction-band will become trapped in high-energy-
electron-traps (ptt) and the probability time density
that electrons will escape from these traps to the
conduction-band (pet),.as well as on the previously
mentioned factors, The decay probability time density
(pdi), in this case, is just the probability time demsity
that electrons in the conduction-band will make the
transition to luminescent-centers (pci), weighted by the
fraction of the transition-electrons in the conduction-
band, plus the probability time density that electrons
in high-energy-electron-traps will leave the traps for
the conduction-band and then leave the conduction-band
in transitions to luminescent=centers, weighted by the
fraction of the transition-electrons in the high-
energy-electron-traps. This is
Pgj

(2) Pg; = ﬁE;—NE (No + Pey Nop)

where

NC = number of transitionrelectrons in the

conduction-band per unit area of the screen.
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the long persistence characteristic to manifest itself.
Thus the phosphor is always in a relatively high state
of excitation, with most of the transfition-electrons
in the conduction-band. This condition is expressed as
(6) No > > Nop

Applying the approximation given in (8) to (3) gives

7 dNg; = -pgyNejdt

It is convenient to express p,; as a constant (ai) plus
some function of the number of electrons per unit area
of the screen in excess of the number of holes in the
phosphor per unit area of the screen (NXS)

(8) Poy =% * £, (Nyg)

where
o = decay constant of type i luminescent-centers

£y (NXS) = a function of Nyg

Substitution of (8) into (7) gives

(9) dNg,= - [ai + fi(NX'sE"Neidt

The excess electrons in the phosphor, due to the
primary beam current, begin to dissipate as soon as the
primary beam is removed. Therefore, during decay, NXS
is a function of the physical and electrical character-
istics of the phosphor and time. Since the only
variable of interest in (9) is time, fi(NXS) can be

replaced by gi(t-to), where

(10) fi(NXS) =

S (Emty)
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and (9) becomes

(1) an = - [ui + gi(t-toz] N, dt

whose solution is £

oy eotg) - g (et

: = : e e
Nel Nelo

(12)
where

Neio = the value of Nei at t

o

For conditions of excitation at which few excess
electrons are in the phosphor, or those that are in
the phosphor are dissipated in a very short time, the
integral in (12) can be approximated by a comstant for
values of t greater than t,. That is

t

13) {o g (tt)dt = Ky

where

Ki = constant
This modifies (12) to
=ai(t-t0)'Ki

(14) Nei =Ngio ©

When the effect of excess electrons is negligible, that
is, when

J‘t
(15) t g; (-t )dt Loy (-t )

equation (12) can be simplified to

oved for Release @ 50-Yr 2014/01/3
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~o, (t-t )
= i °
(16) Nei - Neio €

Equation (16) shows that under the simplifying
assumptions set forth in (6) and (15), the decay of
excited luminescent-centers after removal of the
primary electrom beam follows an exponential decay law.

The energy released by the decay of a luminescent-
center is radiated as one photon, or quanta of energy
(hf). The frequency of the radiation (f) is not the
same for all decaying luminescent-centers, even
if they are all of the same type. This is due to
the fact that the transition-electrons drop from
different energy levels in the conduction-band to
the luminescent-centers. The energy level distribution
of the transition-electrons in the conduction band
thus leads to a frequency distribution of the radiated
energy from the decaying luminescent-centers. The
frequency density of the radiation from the decay of
J:.‘type luminescent-centers is denoted by pfi(f)” A
continuous function is assumed because the energy
levels in the conduction-bandsare so closely spaced
that the energy can be co.nsidered to be a continuous
variable.

The rate of energy radiation per unit area of the
screen, or luminous power output per unit area of the

screen, in the frequency increment df is the ene'rgy

per photon multiplied by the rate of emission of
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photons in the frequency increment df per unit area of the
screen. The rate of emission of photons is just the
negative of the rate of change of the number of excited
luminescent-centers, The incremental power output per
unit area of the screen due to the decay of i type
luminescent-centers (dn;) is
(17) dn, = -hf p..(£) df EEEZ

i fi dt

Substituting from (12) into (17) gives

t
-a, (t=t )=S
i o g, (t-t_)dt
= t
(18) dn, = hf pg, (£) df N ; e o1 °

By o tty) ]

and the total luminous power output per unit area of the

screen due to i type luminescent-centers is

a9 my =g oy v gytie) I

t
‘ -ai(t-‘to)-{gi(t-to)d’c )
o

R bo
£ pe. (£)df
g‘ fi

If the assumption embodied in (15) is used, (19) reduces to

sy (E-t ) o

(20) n, =Ny he St pfi(f) daf
o

Thus the luminous power output decreases exponentially

after electron bombardment of the phosphor is stopped,

|IA-RDP81-01043R002900240002-8

Common radiant energy— detectors exhibit spectral
sensitivity distributions, that is, the detector output
is a function of the frequency of the radiation as well
as the power., The human visual mechanism has an approx-
imately Gaussian sensitivity distribution that peaks at
apout 5500 Angstroms. In the Optical-Electronic Ambiguity
Filter the detector is a 6198 Vidicon camera-tube whose
sensitivity peaks at about 5000 Angstroms. These
sensitivity distributions are sketched in Figure 52
for comparison.

RELATIVE
1.0 SENSITIVITY

Sk
PHOTO
MULTIPLIER

4000 5000 6000
WAVELENGTH - ANGSTROMS

Figure 52 Spectral Sensitivity of Average Human
Eye, 6198 Vidicon Tube, and Photomultiplier with
84 Response,

The spectral sensitivity distribution of the Vidicon tube
1s denoted by si(f)u The brightness (effective luminous
power per unit area) due to luminous ;-Jower in the freguency
band df from i type luminous centers in the phosphor is,

from (18),

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 : CIA-RDP81-01043R002900240002-8
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(21) dBi = hfpfi(f) sv(f) df Nos

o

t

oy (-t ) -4 g (t-t
[}i + gi(t-to)] e ! ° to gl( °)dt

The total contribution to the effective brightness seen
by the Vidicon from i type luminous centers is
Jf
-a; (t-t )= 4 g (t=t )dt
(22) By =N, Ei * gi(t-to)] Ret Ottt erT

£ o (£) s (£) at

0%y

If the assumption embodied in (15) is used, (22)
reduces to
~a, (t-t ) =
(23) B, =N, amhe b5 o
, { £ pg; (£) s (f)df
which can be more concisely expressed as
=a, (t=t )
- i
(24) B; = Bj, e °

where

Bio = the value of Bi at to

The total effective brightness seen by the Vidicon

is the sum of the effects produced by each type of

luminescent-center in the phosphor, If the spectral

sensitivity is constant over the range of brightness

encountered, then

(25) B=c:B, =358
i
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Thus, the brightness‘decay of a phosphor after electron
bombardment can be expressed as the sum of several ex-
ponentially decreasing functions with different initial
values and time constants for the conditions expressed in
(6) and (15). The number of different exponential
functions necessary to guantitatively describe the
brightness decay depends upon the number of different
types of luminescept-centers contributing significantly

to the total radiant output.

Excitation of Luminescent-Centers

The luminescent-centers in a phosphor can be excited
by several means, but excitation by electron bombardment
is of most interest here. As was pointed out earlier,
several types of luminescent-centers may exist in the
phosphor, but they are considered to be mutually
independent and capable of only single excitation. That
is, once a luminescént-center is excited (has a trapped
hole) it cannot be active in further excitation process-
es until after it decays (loses the trapped hole).

The probability time density that a luminescent-
center will trap a hole is designated as Poir Poge ooe
Pgj v°0 o These excitation probability time densities
are assumed to be mutually independent. The number of
i type ‘luminescent-centers per umit area of the screen
available for excitdtion at any time is (Ni- Nei)o The

average change in the number of excited i type luminescent-

centers per unit area of the screen in a time interval dt
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during excitation is ny = excitation constant of type i luminescent-centers

(28) dNei = Py (Ni - Nei)dt - Pyy Hei dt The excitation constant is a function of the temperature,
primary beam current density, and primary electron velocity.
The nature of Pgj and Pgj during excitation must be known

l , o1 Substitution from (2) and (27) into (26) gives
; in order to solve the differential equation in (26).
i The decay probability time density (p,.) is give e Poi
N di given - - - ) - ok
; in (). o) angy = [ng + m e | O Ny - b
The relation between Pei and Hei and time musi be (Nc * petNT)Nei} dt
known explicitly. The excitation probability time

densit hi is 4 hich t be solved simultaneously with (4) and (5), Use
density p_; (which is just the probability time demsity waich must o v

s L L . of the assumption embodied in (6), and expansion of p_;
Inat an i type luminescent-center will capture a hols) ’ I he

i oy ti in the form indicated in (8), reduces the system to the
may D2 a funciion of temperatwe and the density of in .

!
I holes in the filled band. The hole density is a ore
i‘ Tunction of the incident electromagnetic radiation, (2) dNei ={[’“i ' hi(t_tO) ](Ni_ NEi)- [ui* qi(t-tozl
i. Primary beam current density, primary electron velocity, e N at
= N - ei
! and time, If the primary beam current density and
i 2leciron velocit s T The lution of (29) is b
| i -0City are constant during excitation. a 4 e o
, , an 4 “ho! Ay T
i eleciroma ti iati t i+ a'i+ hi(t to) ql(t to) dt
| 1 gnetic radiation from the i °
i (o) Ny =S \:"i" By (ko) [Ny e *
; are neglected due to the negligible ’ . to
| L .. . PO
( apsorption, the excitation probability time density ft hy (Lot )+ (et ZI dt
1 an I - q s ) e I - q.-
% can b2 considersd as a function of time only During to i ) 1 i l )
| ' ‘ > N + N . e
i constani, continumous, orimary electron bombardment o
| .
i the hole density approsches ap cquilibriun value ot The solution for the number of excited i type lumine-
‘ is convemisnt io express‘pei as a constant plus some scent-centers per unit area of the screen during electron
i function of time )

To account for the initjal time bombardment can be further simplified under certain

variaiion of the hols density, ol conditions, If the number of excess conduction-band
(27) Poy T oMy ¢t hi(t-to) electrons in the phosphor does not affect the
whers luminescent-center decay rate appreciably, that is, if
132
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t
(81) { q; (t-t )dt << oy (t-t))

()
and if the hole density in the filled band of the phos-
phor reaches an equilibrium value in a very short time
compared to the time required for the luminescent-

centers to donate electrons to the holes, that is, if

t
(82) Sy (et )ot <<y (eet)
o

then (30) can be simplified to

N, N, (ng+ )| Sitey) (t-ty)
(33) . 1 -] --ede i %4

i N3Ny

If no i type luminescent-centers are excited at the start
of the primary electron bombardment, then Neio is zero,
and (33) reduces to
RUARRILN

NNy
(34) Nei = _17;__ 1 -
NiT%y

which is a simple exponential build-up to a saturation
value,

The radiated luminous power per unit area of the
screen due to i type luminescent=centers during
excitation is determined by the rate at which the i
type luminescent-centers are decaying during excitatiom,
This rate of decay during excitation is given in the
second term of (26), and is Pg; Ngio Using the

ei
assumption set forth in (6) gives

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 :

(35) PgiNey = [§i+ qi(t-to)] Ney

Using the general expression for the incremental
radiated power per unit area of the screen due to i type
luminescent-centers as expressed in (17) and the rate
of decay of i type luminescent-centers during excitation

as given in (35) gives

(36)  dny = heg (0ot [agr 0y (o) |y

The expression for Nei is given in (30),
Substituting (30) in (36) and integrating over all
frequencies gives the to{al radiated luminous power per
unit area of the screen due to i type luminescent-

centers,

(37) ny = [af qi(t-to)] h {Neio +

t
Jto [ni+ai+hi(t-tc)+qi (t-to)] dat

t
{ol:ni+ hi(t=toz‘ N, e «

t
={ [ni+gi+hi(t-’t°)* qi(t-tozl dt
o

e S pgy (B)dE
o

The effective brightness of the screen, as seen by
the Vidicon, during electron bombardment of the phosphor
is determined by a development parallel .to the one used
to obtain (22) from (18). The brightness of the screen

during excitation due to i type luminescent-centers .is

|IA-RDP81-01043R002900240002-8




Declassified in Part - Sanitized Cop

(38) B, = [ai + qi(t-to)] hiNeio +

t
t {o Ei*“i*hi(t‘to)* qi(t'tozl ::
{ [”i* hi(t-to)] N, e

o

ot
J‘t ni+ui+hi(t-to)+qi(t-t°] dt "
e © J fpgy (B)s (£)df
Al

If the assumptions embodied in (81) and (32) are

applied to (38), a simplified expression for B, re;hltsn

(39) By ={1-]|1 ____T_Ne%:(”ii*“ii e“‘(nimi)(t-%)g .

hayn, Ny

o0
ey S tee (Ds, (Das
o

Equation (39) can be more concisely expressed in the form

B, = (et 1) (t-t )
(40) Bi = Bimax 1- - Blo € ’ N °
. imax

where

max = saturation brightness of the phosphor
* caused by i type luminescent=centers
under the excitation conditions present
Bio = brightness of the phosphor due to i type
luminescent-centers at the start of
excitation (t =t_).

The total effective brightness seen by the Vidicon
is the sum of the effects produced by each type of

136
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luminescent-center in the phosphor. If the spectral
sensitivity is constant over the range of brightness
encountered, then
(41) B =1B,
i 1
. e By, e-(ai+ ny) (t-t)
—E imax B nax

ima:

Thus, the brightness build-up of a phosphor during electron
bombardment can be expressed as the sum of several ex-
ponentially increasing functions with different initial
and saturation values and time constants for the

excitation conditions expressed in (6), (31) and (32),

The number of different exponential functions necessary

to quantitatively describe the brightness build-up

depends upon the number of different types of lumine-

scént-centers contributing significantly to the total

radiant output.

|IA-RDP81-01043R002900240002-8
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EXPERIMENTAL VERIFICATION

Introduction

.. Experiments were performed in order to determire

how accurately the results of the theoretical analysis
i of the transient behavior of phosphors represent the
j i actual behavior. Several different types of phosphors
were used in the experimental work to give a broader

verification of the analysis than would be possible

with a single phosphor. Phosphors with the RMA

designations P1l, P2, and P11" were used. The primary

Optical-Electronic Ambiguity Filter is a 6198 Vidicon

|

{ detector of the phosphors radiant erergy in the

I

3 tube. A detector having the same spectral sensitivity

distribution combined with a transient response faster

| than that of the phosphor is necessary to measure the
! transient brightness variations as seen by a Vidicon
‘ tube. A 931-A photomultiplier with an S4 sensitivity
distribution met this requirement. The S4 spectral

sensitivity distribution is shown in Figure , along

with the spectral energy distributions- of the phosphors,
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Figure 53 Relative Spectral Ener i i i
Distrib
of P1, P2, and Pll Phosphors and SgYSpect;’;luéelrox?s
sitivity Distribution

An experimental determination of the build-up and
decay constants of the P2 phosphor was reported in a
previous r eport on this projecth These constants were
determined on the a priori assumption of simple single
exponential transient variations of brightness in the

phosphor,

Experimental Equipment
A block diagram of the essential elements of the

system employed to measure the transient brightness

lSignal Corps Contract No, DA-36~

Q-B.R. Rugust 1955-Octaber 1955, pp aoggcole Seventh

. Pp 8-32,

140

P

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 : CIA-RDP81-01043R002900240002-8

variations is shown in Figure 54 ., The CRT containing
the phosphor under investigation was adjusted for no
vertical or horizontal deflection (stationary spot)
and the intensity control was adjusted so that the
electron beam was just cut off. Positive pulses from
the triggered pulse generator, of adjustable amplitude
and duration, were coupled to the first grid of the
CRT with negligible overshoot or droop and rise and
decay times of one microsecond each. The interval
between these pulses was controlled by the repetiti on
rate of the free-running pulse generator. This rate
was adjusted so that the luminous power output from
one pulse was no longer discernable before the next
pulse was applied,

The spot of light formed on the screen of the
CRT was well focused and approximately 0.030 inch
in diameter. An opaque mask with a small pin hole
in it was fastened to the face of the CRT so as to
block off all light from the phosphor except that
from the center portion of the spot. In order to
obtain the brightness under uniform excitation
conditions the pin hole must expose only the center
portion of the spot where the beam current density is
approximately constant. The finite thickness of the
glass fa;eplate of the CRT and lateral diffusion of -

light within the phosphor layer allows some light from

the phosphor area around the center of the spot to
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emerge from the pin hole, This effect on the results is
minimized if the area around the portion of the spot
exposed by the pin hole has the same brightness as the
center of the spot, The brightness variation across

the spot, due to non-uniform current density and lateral

diffusion of light in the phosphor, appears to be

Pulse Gaussian,l This requires as small a pin hole diameter
Generator
(Triggered) to spot diameter ratio as practical. The pin hole has

to be large enough to pass sufficient light to the
<

detector to obtain an easily measured response, A

To Control

Grid
(Intensity)

0,010 inch diameter pin hole was the best compromise

experimentally obtainable.

A lens system (in the block marked “Photomultiplier

Circuit”) was used to focus the light frém the pin hole

onto thé photocathode of the 931-A photomultiplier., The
circuit for the photomultiplier is shown in Figure 55,

The rise and decay times of this circuit are approximately

30 microseconds each. An adjustable high voltage dc

supply with less than 50 millivolts of ripple and noise
at the output supplied the power to the photomultiplier

circuit.

The output of the photomultiplier circuit was dis-

Q To Vertical played on a Tektronix Type 535 oscilloscope, in order
Input i to obtain time and amplitude measyrements. In order to

facilitate comparison of experimental and theoretical

quR. Beam, “A New Method for Magnifying Electron Beam
Images”, RCA Review, Vol. 16, No. 2, June 1955, pp 242-

Equipment to Measure Transient Brightness Variation in CRT Phosphors 250.

Figure 54
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-

\ Photocathode

To Negative

High Voltage
(=600 to =1000 Volts)
Photomultiplier Circuit

Figure 55
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waveforms, the data on the oscilloscope were photographed
and enlarged. This allowed more accurate plotting of
theoretical curves on the experimental curves for
comparison than could be obtained by comparisons made

on the oscilloscope directly.

Experimental Results
Representative samples of the data obtained and the

theoretical curves chosen to fit the data are shown for
the various phosphors investigated. The effects of all
the possible variables in the system were not extensive-
ly studied, since much work of this type has been report-
ed in the litera‘turel and the time allocated to this
study was limited.

Figures56 and 57 show the experimental data and
theorétical curves for the type Pl phosphor at two
different values of primary beam current density. It
was not possible to measure the value of the current
density at the center of the spot but data on the
S5JP1 tube used shows that the third anode currents were
2 and 20 micro-amperes respectively, giving an
approximately ten to one ratio of current densities.

Good torrelation between the experimental data and

the theoretical curves is obtained by considering only

lG,R., Fonda and F. Seitz, Solid Luminescent Materials,
John Wiley and Sons, Inc., 1948. H. W. Leverenz,
Luminescence of Solids, John Wiley and Sons, Inc., 1950.
P, Pringsheim, Fluorescence and Phosphorescence, Inter-
science Publishers, Inc,, 1949,
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the two most active types of luminescent-centers as
contributing significantly to the brightness, This gives
double exponential brightness build-up and decay curves,
The excellent experimental agreement indicates that the
other types of luminescent-centers which may be present
have a relatively small contribution to the total bright=-
ness,

The behavior of the excitation and decay probability
time densities {as reflected in the exponents) for
different values of excitation intensity agrees with the
behavior predicted by equations (27) and (8), respective-
ly. The decay probability time density of the more
slowly decaying type of luminescent-centers is not
highly dependent on the excitation intensity. A similar
comparison for the faster decaying type of luminescent-
centers shows that the presence of excess electrons
in the phosphor at high excitation intensity increases
the decay probability time demsity. This increase in
decay probability time density also accounts for the
larger relative contribution to the total brightness by
the faster decaying type of luminescent-centers at high
excitation intensity, as predicted by equation (22),

The brightness build;up exponents are larger than the
corresponding brightness decay exponents, and they
increase with increasing beam current density, as
predicted by equation (38). This may be seen by

comparison of the build-up exponents in Figures 56

and 57,
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Figure 58 shows a single brightness build-up and
decay transient in a type P2 phosphor, sketched from the
display on the Tektronix Type 535 oscilloscope, Several
difficulties could not be easily resolved in the time
allocated to this investigation, and consequently no
photographs were made for the P2 phosphor, The chief
difficulty encountered was excessive drifting of the
spot on the phosphor screen due to instability of the
deflection amplifiers in the oscilloscope containing
the CRT with the P2 phosphor. The values indicated
on the sketch in Figure 58 were measured directly
from the Tektronix Type 535 oscilloscope presentation
by assuming the brightness build-up and decay each
consisted of only two exponentials of widely different
time consténts, which appears justifiable by the shape
of the curve. The measurements were made by measuring
the time required for the brightness to build-up to
63 percent of the saturation value and decay to 37
percent of the saturation value,

From Figure 58 it may readily be seen that the

relative contribution to the total brightness from

each of the two types of luminescent-centers is widely
different at different times in the transient. During
electron bombardment, the luminescent-centers with the
high decay probability time density (large a) contribute

the major portion of the total brightness. During

decay, the brightness from the luminescent-centers
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with the large a decreases very rapidly and the total
brightness becomes more nearly that due to the slowly
decaying luminescent-centers, It may be expected’that
the relative contributions to the total brightness
during excitation from each of the two types of
Acceleration = 10,000 Volts luminescent-centers will change for different values
Tektronix 51P2 of primary beam current density, as in the case of the
Pl phosphor. The brightness build-up exponents are

larger than the corresponding brightness decay
Build Up

b = .9(1 - =003t
+ ,1(1 - ¢0-0002t)

exponents, as predicted by the theory.
Figure 59 shows a representative sample of the

experimental data and theoretical curves obtained for

Decay ¢
b= .9;0‘,02'0w+ 1e—o,omlt' a type P11l phosphor. Equipment difficulties encountered

in obtaining the experimental data make the transient
waveforms which were photographed open to question. The

oscilloscope in which the CRT with the Pll phosphor

was located suffered from cross-coupling between the
intensity modulation circuit and the deflection circuits.
When the excitation pulse was applied to the intensity
modulation circuit, the spot jumped away from the pin hole

approximately one-half spot diameter and then drifted

back. As the excitation was cut off, the spot jumpéd

i -t again. Since the beam current demsity is not constant
2000 Microseconds

over the whole spot, the data obtained does not
Ne ized Brigh correspond to constant uniform excitation current
ormalized Brightness Build-up. and Decay in Type P2 Ph

R osphor density., The nature of the cross=coupling caild not be

Figure 58 found and removed in the time allocated to this work,

and consequently the data can be considered as a crude
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approximation to the actual physical conditions desired
- to verify the theory,
»
ﬁ 3 The data in Figure 59 was used to determine single
ol 1
a e oo exponential build-up and decay characteristics for the
“ P11l phosphor, in order to give approximate time constants
e for comparison with the Pl and P2 phosphors. As pre-
§ dicted by the theory, the brightness build-up exponent
[
2 é,g » g 5 is larger than the brightness decay exponent.
E ? £ 2 g ﬁ % A summary of the experimental data obtained for
o
E '_l‘ é:’zga f the three types of phosphors is given below.
' O,.Z 8; & PHOSPHOR BUILD-UP TIME CONSTANTS DECAY TIME C ONSTANTS
2 o nAaHN ° 13 TYPE SECONDS SECON
i LI B | Q - -
3 o 8§ - f Pl 0.66 x 10™° to 2,1 % 1073 to
- £ B0 &4 A -3 -
% 3 EgEBE . 0,11 x 10 1.4 x 10
2 £ (RS- R o 8 and and
- S o O w Q a
5 g 988k g 0 g K " "
g el RN I 7 3 ! 3.6 x 10°° to 13 x 10
i & 5EE&2 50 : -3
g 3 vl 1.7 x 10
] ' - -
' g 4 ? P2 0.03 x 1073 0.05 x 1073
g | and and
2 ‘ -3 -3
s : 5 x 10 10 x 10
g
8 | = -
) | P11 0.02 x 107 0.03 x 1073
1 & ‘
i 3 §
i 3 !
| 7 Conclusions
3 2 The theory of several independent types of iuminescent-
{ ‘ centers contributing to the overall luminescent behavior

1.0]
8
o6 1
L
o2
0

of a-phosphor appears-to adeguately describe ;the . -

experimental data obtained here., While some small

discrepancies may exist between the theoretical and
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experimental values, the use of this theory allows the
quantitative description of brightness variation in
phosphors, which is necessary in the analysis of
systems employing a phosphor as an intermediate link.

Previous analysis on the Optical-Electronic Ambiguity
Filter was based on the assumption that the brightness
transients could be described by single exponential
functions dur.ing build-up and decay. The more extensive
analysis made here shows that this assumption provides a
rough approximation to the actual behavior of the phosphox/.
In a simplified analysis, or in the case of a phosphor
with only one predominant type of luminescent-center,
this assumption may be adequate,

The exponential constants found for the three types
of phosphors investigated depend upon the excitation
conditions existing in the experimental work, and hence
they do not represent constant characteristics of the
phosphors under all operating conditions. In the
Seventh Quarterly Progress Report, August-October, 1955,
the build-up and decay ‘exponential constants for a P2
phosphor were determined on the assumption that only
one type of luminescent=-center was present. These
constants are tabulated below with the approximate
values of the double exponential constants found in

the experimental work done here,

)

SINGLE DOUBLE
EXPONENTIAL EXPONENTIAL
a= 800 sec™L 20,000 and 100 sec”
B = 6000 sec”t 30,000 and 200 sec”
I The exponential constants for a single exponential approx-

correlation,

imation to the actual transient behavior lie between
the corresponding values of the constants of a double
exponential approximation, as would be expected.

An examination of the discrepancies which occurred
in some of the data of the Seventh Quarterly Progress
Report shows that the double exponential build-up and

A complete re-analysis of the Optical-

. Electronic Ambiguity Filter using the double exponentials

is not done here, but any further analysis on this

' system should make use of the double exponential

variation if a P2 phosphor is used.
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OPTICAL-ELECTRONIC AMBIGUITY FILTER
SUBRANGE COMBINING SYSTEM

Introduction

It has been pointed out that the Optical-Electronic
Ambiguity Filter used with the PIM radar system presents
the echo information of the entire range in n subrange
displays. The system operation is enhanced by recombin-
ing the subrange displays into one single display of
the entire range. The method used to accomplish this
has been presented in detail in several previous reports,l
and the equipment and its operation are described in the
section entitled DESCRIPTION OF EXPERIMENTAL EQUIPMENT

of this report.

Subrange Combining Systen

The Subrange Combining System for use with the
Optical-Electronic Ambiguity Filter is shown in block
diagram form in Figure 15 . The subrange displays are
presented on the 5 Channel Oscilloscope (Primary
Indicator) with common vertical deflection-modulation
of all the electron beams and sequentially triggered
simultaneously running horizontal sweeps. Oscillograms
of the primary display on the CRT of the Primary In-
dicator, for the first three subranges, are shown in
Figures 60 and 61 . The display on the Primary Indica-

tor is focused on the target of the camera tube

ISignal Corps Contract No. DA-36-039 SC-56696 Fifth Q,
P.R. February 1955-April 1955, pp 73-106. Sixth Q.P.R.
May 1955-July 1955, pp 46-125,
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(Vidicon) in the scanner, creating a charge pattern on
the target similar to the brightness pattern on the
primary CRT; The baselines of this charge pattern are
swept sequentially by the electron beam of the camera
tube, thus reading out the baseline break information.
The output of the scanner thus combines the information
of the subrange displays into one sequential display,

as shown in the oscillograms in Figures 60 and 61,

Experimental Results

The equipment assembled and built to form the
Subrange Combining System combines only the first three
subranges, This was considered adequate to demonstrate

the operation of the system with minimum equipment cost

Provision was made to combine up to five subranges by
the addition of more sweep generators to the system,

Representative examples of the system operation

are shown in the oscillograms in Figures 60 and 61,
These oscillograms show the primary displays for noise-

less and noisy operation at two different values of n,

The FRI echoes and the random noise appearing in the

Primary displays are greatly suppressed in the

scanner output. The two large negative pulses that
appear in each of the scanner output oscillograms
are the switching transients developed as the
Scanner electron beam jumps from one baseline to
another. The non-horizontal baselines of the

Scanner output oscillograms are due to slight non-

in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 : CIA-RDP81-01043R002900240002-8

linearity in the camera tube sweep and ac ripple in the
camera tube electron beam current. Further refinements
must be incorporated in the circuitry to reduce these
undesirable effects,

The figures-of-merit for the Optical-Electronic
Ambiguity Filter with Subrange Combining were verified
to be substantially the same as the figures-of-merit

obtained with single subrange operation.l

Conclusions

The feasibility of recombining the subrange dis-
plays in the Optical-Electronic Ambiguity Filter has
been experimentally demonstrated. Considerable care in
the design of the circuitry is necessary to keep noise
and ripple from degrading the output signal., Align-
ment between the primary CRT and the camera tube is
critical., Drift in the positions of the primary
traces and the scanning raster of the camera tube
must be kept less than the thickness of the traces.
These considerations indicate that considerable
development work remains to be done before the
Optical-Electronic Ambiguity Filter Subrange Combining
System would be practical. Some of the newer schemes
(for ambiguity elimination) directly present the entire
range, thereby obviating the necessity for extra sub-

range combining equipment. If the figures-of-merit of

lsignal Corps Contract No, DA-36-039 S5C-56696 Seventh Q.
P.R. August 1955-October 1955, pp 8-97.
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these schemes are comparable to the figures-of-merit of STORAGE-TUBE AMBIGUITY FILTER

the Optical-Electronic Ambiguity Filter, it is recommended Introduction

that work on the Optical-Electronic Ambiguity Filter be The ability of an electrostatic barrier-grid storage-

discontinued, tube, such as the RCA Radechon Type C73405A, to store and

integrate information leads to several applications in the

systems devised to eliminate range ambiguities in high
repetition rate radars., These applications are divided
into two categories; those that primarily utilize only
the storage ability, and those that primarily utilize
the integration ability.

In the Mixed PRF System, comb filters are used to
discriminate and suppress false range indicating (FRI)
echoes and random noise,l Comb filters for this purpose
can be synthesized from linear amplifiers, constant

time delay devices, and linear adde):s,.2 A storage-tube

device, operating with a linear input-output relation-
ship primarily as a storage device, could form the time
delay element in such a comb filter. Linear operation
of the Radechon, primarily as a storage device, has

been described in the l:‘L‘tera\ture‘,a’4

lSlgnal Corps Contract No., DA-36-039 SC-56696, Fifth Q.P.
R, February 1955-April 1955, pp 55-72.

2Tpid, pp 119-170.

3A J, Jensen, "The Radechon, A Barrler Grid Storage Tube”
RCA Review, "Vol. 16, No.2, June 1955, pp 197-215

4

A.S. Jensen and G.W. Gray, “Radechon Storage Tube Circuits”,
RCA Review, Vol. 16, No.2, June 1955, pp 234-241. .
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In the PIM System the discrimination of the FRI
echoes is accomplished simply by modulation of the time
interval between successive transmitter pulses, as ex~
plained in the section entitled METHODS FOR DISCRIMINAT-
ING FALSE RANGE INDICATING ECHOES. The discriminated
FRI echoes have the same amplitude as the true range
indicating (TRI) echoes, and no signal-to-noise improve-
ment is accomplished thru the pulse interval modulation
alone, An ambiguity filter is necessary to suppress
the FRI echoes and random noise, Storage-tube ambiguity
filters utilize the integration ability of the storage-
tube as the primary mechanism for suppression of the
FRI echoes and random noise‘,l'2

Two variations of the basic Storage-Tube Ambiguity
Filter, using an RCA Radechon Type C73405A barrier-grid
storage-tube, have been designed, assembled and
operated. Conventional intensity modulation of the
electron beam in the storage tube by the video signals
to be stored and integrated is not used in either

variation of the filter, Deflection-modulation and

1q.

Signal Corps Contract No. DA-36-039 SC-56696, S

PLR., March 1954-June 1954, pp 124-142, Thisd o pon °°
June 1954-August 1954, pp 1031287 Interim Report Dec-
ember }253~Jangary 1955, pp 110-155, Fifth Q.P.R, Feb-
Tuavy 1885~April 1955 pp 15-54, - :

2
“J.V, Harrington and T.F. Ro "3i i

oFo gers Si 1-to-= -
rovement Through Integration in'aAStgggge ;ugzisepigg
i;gglngs of the IRE, Vol. 38, October 1950, pp-i197-
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negative-intensity-modulation are used to obtain much
better ambiguity and random noise suppression than possible
with conventional intensity modulation. A description of
the equipment used in each of these filters is given in

the section entitled DESCRIPTION OF EXPERIMENTAL EQUIPMENT.

Deflection-Modulation

The deflection-modulation Storage-Tube Ambiguity
Filter is shown in block diagram form in Figure 33, The
echo information is written on the storage area (target)
of the storage-tube by an electron beam with constant
beanm current, uniform sweep speed, and vertical deflection
by the echo information to be stored and integrated. The
echo information received during the n pulse intervals of
the PIM modulation cycle is superimposed (integrated) on
the target with a common baseline and uniform sweeps
triggered by each transmitter pulse in the modulation
cycle, This means that every part of the baseline (where
no echoes appear) is swept n times by the electron beam.
The baseline under any one of the multiple FRI echoes is
swept n-1 times and the baseline under the TRI echoes is
not touched by the electron beam. Figure 62A shows the
relative charge density on the target after three sweepé
of the electron beam. The density of the lines indicates
the relative charge density.

After a complete modulation cycle has been written

on the target (n sweeps), the vertical deflection of the

electron beam is clamped at the baseline level, the

|IA-RDP81-01043R002900240002-8
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necessary changes in the storage-tube electrode potentials
are made, and the electron beam is swept along the baseline
with constant beam current, thus reading out the integrated
information in the baseline, This information consists of

the baseline “breaks” due to TRI and FRI echoes. The out-

put signal ofAthe storage-tube during the reading operation

is a function of the charge density on the target. With
baseline scan during the reading operation, the output for
a FRI echo is the difference between the baseline signal
(where no echoes appear) and the signal due to the baseline

under the FRI echoes. The output for a TRI echo is the

difference .between the baseline signal (where no echoes
appear) and the signal due to the baseline under the TRI
echo, This difference (or output) is greater for the
TRI echoes than for the FRI echoes, and hence the FRI
echoes are suppressed. The amount of suppression ob-
flection-Modulation tained depends upon the operating parameters of the
storage-tube during both the writing and reading opera-
tions,

When the signal-to-noise ratio is low (less than
0.5), the operation of the filter becomes impaired by
the spreading-out of the baseline and the filling=-in
of the baseline breaks under the TRI echoes. These
effects reduce the output signal amplitude and the

ambiguity suppression, respectively.

B, Negative-Intensity-Modulation Negative-Intensity-Modulatlon

The negative-intensity-modulation Storage-Tube

Relative Charge Density on Tar
get After Three
Sweeps By Electron Beam Writing Echo Information

Figure 62
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Ambiguity Filter is shown in block diagram form in Figure 34
The echo information is written on the storage-tube target
by an electron beam with uniform sweep speed, no vertical
deflection, and negative-intensity-modulation of the beam
current. Conventional intensity modulation of beam
current usually means that the current is increased to
write an echo. In negative-intensity-modulation the beam
current is driven toward cut off in order to write an
echo. The fraction of the echo duration that the beam
current can be completely cut off, on the average, de-
pends upon the input signal-to-noise ratio. The percent
of the echo duration for which complete cut’ off is
possible, on the average, is 99,99, 97.73, 84.13, and
69.15 percent for voltage signal-to-noise ratios of 5,

2, 1, and 0.5 respectively with a Gaussian noise amp=
litude distribution, The echo information received
during the n pulse intervals of the PIM modulation

cycle is superimposed (integrated) on the target along

a common baseline, This means that every part of the
baseline (where no echoes appear) is swept n times by

the electron beam, The baseline at the position of any
one of the multiple FRI echoes is swept n-1 times and

the baseline at the position of a TRI echo is not

touchked by the electron beam (for large signal-to-noise
ratios), Figure62B shows the relative charge density

on the target after three sweeps of the electron beam,

The density of the line indicates the relative charge

density,

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 : CIA-RDP81-01043R002900240002-8

Comparison of the charge distribution along the baseline
obtained with deflection-modulation to that obtained with
negative-intensity-modulation shows that for baseline break

detection the two are equivalent when no noise is present.

Consequently, the reading operation in the negative-intensity-

modulation system is the same as in the deflection-modulation
systen,

The negative-intensity-modulation system has an ad-
vantage (as shown in Figures 62A, B ) over the deflection-
modulation system when the input signal-to-noise ratio is
low, The baseline in negative-intensity-modulation is
not spread out, but rather tends to fill in and become
more uniform as the number of writing sweeps increases

which improves the output signal-to-noise ratio.

Radechon Characteristics

The ambiguity suppression and signal-to-noise ratio
improvement obtained in the Storage-Tube Ambiguity Filter
are dependent primarily on the storage-tube characteris-
tics. The operational mechanism of the Radechon storage=
tube has been described in previous reportsl and theo-
retical derivations of the characteristics have appeared
2,3

in the literature. The mathematical expressions for

lS;gnal Corps Contract No., DA-36-039 SC-56696, Fifth Q.P.
R. February 1955-April 1955, pp 15-54.

2 i Signals on a Dielectric
J.V. Harrington, “Storage of Smal; ign

Surface”, Journél of Applied Physics, Vol. 21, October
1950, pp 1048-1053.

3

4.S. Jensen, “Discharging an Insulator Surface by Secondary
Emission Wifhout Redistribution®, RCA Review, Vol. 16, No. 2,
June 19535, pp 216-233.
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the Radechon characteristics developed by A.S. Jensen are

most suitable for use in determining the figures-of-merit

Output

for the Storage-Tube Ambiguity Filter since they can be
made to incorporate all the pertinent system parameters,

A simplified schematic diagram of a Radechon storage-
tube circuit is shown in Figure 63, If the back plate and
barrier grid are connected together (switch in "R” posi-

tion) and the target is repetitively swept by the electron

Barrier Grid
Back Plate

beam, charge is depositéd on the target until an equilibrium

voltage between the target and the barrier grid is reached,

At this equilibrium voltage the beam current impinging

on the target is equal to the secondary emission current

leaving the target. It is convenient to use this equi-

librium voltage as a reference level to which all target

Collector

to barrier grid voltages are referred., That is

(1) Vip = Vo - B0

= target-to-barrier grid charging voltage

= actual target-to-barrier grid voltage

Simplified Radechon Starage-Tube Circuit

equilibrium target-to-barrier grid voltage

Deflection

which makes the value of th equal to zero at equilibrium.
For the writing operation, a fixed voltage (vsh)
is applied between the back plate and the barrier grid

(switch in "W~ position). Because of the large capaci-

tive coupling between the back plate and the target,
almost all of this

voltage shift appears between the
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target and the barrier grid.l As charge is deposited on
the target by the writing electron beam the charging
voltage between the target and the barrier grid changes
from this initial value (thoW) towards the equilibrium
value., The charging voltage between the target and the
barripr grid after n passages of the writing electron beam

(2
Vipnw! s

V. V.
_- tboW _ - tboW
anw

= e S€ se
(2) Vionw = Vepow * VselnL(1me % )e te
where

thoW = ch~larging voltage between target and barrier
grid at start of write operation

Vse = average secondary electron energy in electron
volts

n = number of write sweeps

Jhw = relative beam currént during writing operation
The relative beam current during the writing operation
(wa) is
B Iy = é_;k_a‘v;_v

x 'se W

where
r = barrier grid transmission ratio
IbW = electron beam current during writing operation
Cx = target capacitance per unit area

b = diameter of the electron beam

Vy = scan speed during writing operation

gnal Corps Contract No, DA-36-039 SC- i
February 1955-April 1955, p 46, S0700686 FAfth Q.P.

.S. Jensen, Op. Cit,

When the writing operation is completed the external
voltage (Vsh) between the back plate and the barrier grid
is removed and an output load impedance (RO) is connected
between the back plate and ground (switch in "R* position).
Removal of the external voltage (Vsh) causes another shift
in the target to barrier grid charging voltage approximate-
1y equal to Vsh., This establishes the new initial condi-
tions for the start of the read operation. The charging
voltage between the target and barrier grid at the

start of the read operation (vtboR) is

(4) Vipor = Viorit = ViboW

which, by the use of (2), becomes

Voo g _thow]
(s) Viper = Vseln (1-a75e ) & Wi oVse
As the electron beam sweeps the target in the reading opera-
tion, the target to barrier grid charging voltage changes
toward the equilibrium value., Portions of the target which
have not been written on by the electron beam during the
writing operation are at equilibrium and hence no net
charge is transferred to or from the target and the sig-
nal current (Is) is zero at these places, Portions of
the target on which charge was deposited during writing
lose that charge during reading in order to reach the
equilibrium voltage, producing a signal. The net
zharge flow, or current, perpendicular to the target
surface induces a signal current I into the back plate,

due to the capacitive coupling.
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The signal current is a function of the target to
barrier grid charging voltage at the start of the r ead

operation (V Three different expressions for the

tboR)”
signal current are obtained, depending upon the value of
thoR“l Case I results when the target is always positive
with respect to the barrier grid. Case II results when
the target is initially negative with respect to the
barrier grid but is finally positive with respect to the
barrier grid after the read sweep., Case III results when
the target is always negative with respect to the barrier
grid. These three cases are marked on the storage=-tube

characteristics of Figures 64 and 65,

Case Ir [ -Vyo1nd S vy o]

The relative signal current during reading (JSR)
is V. V.
tboR tboR
-, J -
(6) Jsp = ~In[(1-e"5€) e ER,  Vse

and the actual signal current (ISR) is

(n ISR =G vseVRJsR

where
3, = secondary emission ratio of the target

JbR = relative beam current during reading operation

R = scan speed during reading operation

4.8, Jensen, Op. Cit,

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 :

The relative beam current during the reading operation
(JbR) is

r Lp
®) It TE Vo

X~ 'se' R
where
IbR = electron beam current during reading operation
The charging voltage between the target and the barrier

grid after the reading sweep is

VipoR ;- ViboR
(9) v =v +V_In|(l-e 5 ) e bR*ese
tblr - 'tboR se ™ €

N =5) - < < .
Case II3 [?bﬁvse(l 3) Vselns ViboR Vselna:

The relative signal current during reading (JSR) is

5 VibeR , ~Vipor
v—* 1nd)
=5t se & +

-J +
10 Jg = - In|d1-B)e P® eVse

The charging voltage between the target and the barrier
grid after the reading sweep is

v v
-'tboR _ ) tboR

. Tr* Trlv o *ind)
(1) Vypp = Viper * VeelnLe T * (1-Dle

c 3 € -5) -
Case IIIg [ytboR Jvase(l 3) VselnBJ

The relative signal current during reading (JSR) is

(12) Jg = (1°8) Jpp
The charging voltage between the target and the barrier
grid after the reading sweep is

(138) VipiR = ViboR ~ Jb-R(l-S) Ve

|IA-RDP81-01043R002900240002-8
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Equations (6), (10), and (12) are the storage-tube
characteristics. These are plotted for two different values
of 8 (2 and 3), corresponding to high and low acceleration
voltages (approximately 2000 volts and 1200 volts) respect-
ively, in Figures 64 and 65. Equation (5) shows in which of
the three regions of the characteristics the reading opera-
tion takes place when numerical values are substituted into
the equation and the value obtained is compared to the
nez=erical values of the limits of each of the three regions.
The relative charging voltage at the start of the read
operation (vtboR/vse) is plotted as a function of the
cumulative relative beam current during the writing
operation (anW) for two values of relative charging

voltage at the start of the write operation (thow/vse)

in Pigure 66, from (5).

Figures-of-Merit

The ambiguity suppression figure-of-merit (FES) and
the noise suppression figure-of-merit (FNS) characterize
the operation of the Storage-Tube Ambiguity Filter. Two
types of modulation (deflection and negative-intensity)
are possible, thus giving two variations of the basic
filter for which the figures-of-merit must be determined.
When ne random noise is present in the input to the
filter, only the ambiguity suppression figure-of-merit
is applicable. The addition of Tandom noise to the input >
of the filter makes the noise suppression figure-of-merit

significant as well as modifying the ambiguity suppression

Declassified in Part - Sanitized Copy Approved for Release @

-Yr 2014/01/31
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figure-of-merit, It is desirable that the random noise de-
grade the ambiguity suppression as little as possible. The
method of approach in determining the figures-of-merit is
to first determine the idealized (no random noise present)
ambiguity suppression figure-of-merit for each type of
modulation. The amount of degradation of this figure-of-
merit by random noise must then be determined for each type
of modulation. The noise suppression figure-of-merit for
each type of modulation is determined last, In the absence
of noise the idealized ambiguity suppression figure-of-
merit is the same for both deflection-modulation and
negative-intensity-modulation when base line break
detection is employed. This is readily seen from Figure 62
and previous discussion of the operation of the two
modulation schemes.,

The baseline (where no echoes appear) is swept by
the writing electron beam n times, where n is the
number of intervals in the PIM modulation cycle., At the
start of the read operation the target to barrier grid
charging voltage is, from (5),

_ Vibow “nTyy %go_w [

L A Veeln| (1-e %) ¢ + e S°

The relative signal current due to the baseline during the

reading operation (JSRB) is détermined by thoRB and the

relative beam current during reading.(JbR)= The reading
operation may be in any one of the three regions of the

storage=-tube characteristii:s, depending upon the value of

180

Vi hoRB®

o . <
Case I [Vselns vtboRB]

-VtboRB _;  -VinoRB
se bR se
(15) Jpp = ~1n [ (1-e ) e + e

< <.
Case IIg [Jvase(l-S)—VselnS  Vy vB Vselnsj

5 ViborB -ViboRB
% R A + 1nd) J
(18)  Jgg=-In(-0)e R T 87T + oVse

< -, -
Case IIIs [thoRE = Jvase(l 3) Vselnﬁj

A7) Jgp = (1-8)Ip

The baseline under any one of the multiple FRI echoes
is swept by the writing electron beam n-l times. At the
start of the read operation the target to barrier grid

charging voltage is

v V.
="tboW _, _ ="tboW
e, W T
(l?) VipRrRI = Vseln l(1-e ) e + e

The relative signal current due to the FRI echoes during
the reading operation (JSRFRIHS given by (19), (20),

or (21), depending upon the value of thoRFRI"

<
Case Is [“Vsel“8 . vtboRFRIj

181
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- ViboRFRT _;  -ViboRFRI
v RV

(19)  J pppy = ~In| (1-e 5 e +e®°

< <.
Case II [JbRVse(l-S)-VselnS = VipoRFRT vselnis]

B 8 ViboRFRI
=J pt ( + 1nd)
.. o et T oo
(20)  Jopppr = <In| (1-Ble se
-VipoRFRI
+ e se i

° < -8) -
Case III: [:vtboRFRI TgVee (1°8) Vseln5]

(21) Jsrpr = (1-3) IR

The baseline under the TRI echoes is not touched
by the writing electron beam. At the start of the read

operation the target to barrier grid charging voltage is

(22)  Vipoperr = 0

and the relative signal current during the reading
operation is

(23) JSRTRI =0

The storage-tube output during the reading operation
with baseline break detection for the echo signal shown
in Figure 62 is shown in Figure 67,

Considering only the relative amplitudes of the
storage-tube__?utput signal, the relative TRI signal

(‘I’I’RI) becomes

(24) Jnpr = Ipmey - erp = Togp

182
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and the relative FRI signal (JFRI) becomes

(28)  Jppr = Jegrr1 "~ JerB

The ambiguity suppression figure-of-merit (PAS) o]
defined as

= v o .
i - _IRI out
! (26) Fpg =

FRI out !
.
can be expressed as
J 10
v (27) PAS = JTRI out
FRI out
Substitution of (24) and (25) into (27) gives the ambig-
uity suppression figure-of-merit as 81

Jg
(28) P = JS‘:‘B_J
= sRB™sRFRI

ately, no furiher substitution for JSRB or
JSREE’I can be made until the values of vtboRB and e

Viyoopo @re xnown, since these charging voltages
tboRFRI 4

determine in which region of the characteristics the b
] reading operation takes place and consequently the

form of the equations for the relative signal currents.

Further complication arises due to the fact that two
different regions can be specified by the two charging

voltages, 1In order to gain an insight of how PAS

. . o
varies with the various system parameters, the .set of
calculated curves shown im Figures 68 'and 69 are : i

presented. All of these curves are shown for 8 = 8

(approximately 1200 volts acceleration) but the same T . : X
X Theoretically Determined Ambiguity Suppression Figure-of-Merit
trend of variation oceurs for smaller values of J

Figure 68

185
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(higher acceleration voltages).

Equation (28) shows that when JsRFRI is equal to
JSRB the ambiguity suppression figure-of-merit is in-
finitely large. This means that the FRI echoes are
completely eliminated by the filter. If the reading
operation for either the baseline or the FRI echoes
occurs in regions I or II of the storage-tube character-
istics, FAS becomes infinitely large only when n (the
number of writind sweeps) becomes infinitely large. If,
however, the reading operations for both the baseline
and the FRI echoes fall in region III of the storage-
tube characteristics, n need not be infinitely large to
yield an infinitely large value of PAS for the ideal-

ized situation with no random noise at the input of

the filter. For this condition to be met, it is necessary
that

(29)  VipoprrT = JppVee (1°8) -V 1nd

Using the equation for Vi orpr (equation (18)) in (29)
gives

~Vipow
se |¢

~Vibow
ghe=)

=(n=1)J
+

) e

(30) In| (1-e e

JbR(l"B)"lnS
which can be manipulated into the form
-Vipoi 1
(n-1)7yy Z 1n | 2ze 22 )
b Tr(1-5)  “Vipow
VY
e

-3¢ S©
In order for (n-l)wa to be real, it is necessary that

Theoretically Determined Ambiguity Suppression Figure-of-Merit

Figure 69
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Tp (s Vipow -

(32) e kR (1- )ZSe se Vioomineo
4 v
1 which gives se
! V.

(33) SR g5 5o (1-3) . 3.0t

v bR
se
| Equation (33) establishes the minimum value of the o
i initial writing target to barrier grid relative charging
' d
i voltage that will allow an infinitely large value of 2.5
i
g Fpq to be attained. This is
.‘i‘i As %4
] V. s
i ( tboW mines _
: 34) =2 = 1nd -J,,(1-3)
‘;’; Vse bR 2,04
i
§ which is plotted in Figure 70. Substitution of (34)
] into (31) establishes the condition
H _ v v X 1057
§ 5 TR-8) - tbowse thoW min e
(35)  (a=L)Jyy, | 1n -2 . 4
| oW _VipoW - VtboW minee - 5
i
i - se
gf Loe . 1.0
«”g Equation (35) establishes the minimum cumulative relative
% writing beam current required for an infinitely large
i ,
1 value of FAS" which is . 0.5
4 3 Vivow “Vibol mine ‘
5» bR (1-8) _ Vee !
i - = e e !
| (36) =1y nine = [0 v v ‘ L#_*'—ﬁ - g
i —_tboW tboW minoe i 0 o 0.2 0.l 0.6 0.8 0
—_— ; o
1-e se “
| . . |
] - Equation (88, is plotted in Pigures 71 and 72 for two 1
E values of J, |
i From the preceding analysis it can be seen that the ' . 5
: A ini iguity Suppression
. . ive Charging Voltage For Infinite Ambigui

E Storage-Tube Ambiguity Filter, under idealized operating v Theoretical Minimum Relative &
E‘ : Figure 70
E
i 189
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conditions, is capable of completely eliminating FRI

echoes due to high pulse repetition rates when the operat-

ing parameters are suitably chosen. These optimum

operating conditions for the Storage-Tube Ambiguity Filter

are given by equations (33) and (35).

When random noise is present at the input to the
filter the ambiguity suppression figure-of-merit may be
affected. The noise suppression figure-of-merit also
becomes significant in determining the e ffectiveness
of the filter. The effects of random noise are to
decrease the average amount of charge deposited at
the baseline during writing (only with deflection-
modulation), to make the charge density non-uniform
along the baseline (where no echoes appear), and to
partially fill in the baseline breaks due to TRI and
FRI echoes. The first effect decreases the size of
the output signals from the storage-tube. The second
effect causes random noise to appear in the output of
the storage=tube (in addition to the noise generated
by the storage-tube itself). The third effect may
alter the ambiguity suppression figure-of-merit,
Since the baseline breaks under both the TRI and the
FRI echoes are partially filled in by the random

noise. a significant decrease in the ambiguity

suppression figure-of-merit is not anticipated. It

has been pointed out earlier that the negative-
intensity-modulation scheme is expected to have a

higher noise suppression figure-of-merit than the

deflection-modulation scheme. The theoretical figures-of=

merit for the Storage-Tube Ambiguity Filter operating with

low input signal-to-noise ratios remain to be found. A
preliminary theoretical investigation has been madel
but the results are inadequate because no provision was
allowed for operation in region IIT of the storage-tube

characteristics.

Experimental Results
The equipment used to determine the figures=of-

merit of the Storage=Tube Ambiguity Filter experiment-
ally is described in the section entitled DESCRIPTION
OF EXPERIMENTAL EQUIPMENT. Unfortunately, the equip~
ment was not versatile enough to permit a direct
verification of the theoretical curves shown in
Figures 68 thru 72. The target secondary emission
ratio (B), which depends upon the electron beam
acceleration voltage, was not readily measurable. The
electron beam current during writing and reading could
not be directly measured,

In order to obtain representative values for the
figures=of=merit the following procedure was used,

(1) The length of the modulation cycle was set

at 2000 microseconds (equivalent to a

maximum range of approximately 200 miles),

lSignal Corps Contract No. DA-36-039 SC-56696, Interim
Report, December 1953-January 1955, pp 110-155.
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The read-write relative potential shift applied
between the béck plate and the barrier grid of
the Radechon storage-tube was set at approx-
imately 2. This was approximately the maximum
value that could be produced in the potential
shifting circuit without exceeding component
ratings.

Values of n between 4 and 15 were used
(corresponding to 3 to 14 writing sweeps since
one subinterval of the modulation cycle was
used to read out the stored signals),

For each value of n the writing and reading
relative beam currents were adjusted to obtain
the best compromise between the maximization of
both FAS and PNS with one read sweep returning
the target to as near equilibrium as possible,

Both FAS and PNS did not consistently maximize

simultaneously. One could be improved a little

(above the compromise values obtained) at the
expense of greatly reducing the other, Return
of the target to equilibrium by one read

sweep is not consistent with operation in
region III of the storage-tube characteristics,
as seen from equation (13), and hence the
conditions for an infinitely large ambiguity
Suppression figure-of-merit were not attained

in the experimental work,

Several input voltage signal-to-noise ratios

v
BNin

Two different acceleration voltages were used

) were used,

to verify the expected effects of 3 on the
figures-of-merit.,

The results of the above experimental procedure are
summarized in the curves in Figures 73 thru 76. A
qualitative picture of the operation of the Storage-Tube
Ambiguity Filter can be obtained from the oscillograms
in Figures 77 thru 80.

Reference to the experimental curves of Figures 73
thru 76 verifies and/or justifies the theoretical
analysis and assumptions of the preceding section. The
ambiguity suppression figure-of-merit does not appear to
be highly dependent upon the input signal-to-noise
ratio for either negative-intensity-modulation or
deflection-modulation when the input signal-to-noise
ratio is greater than 0.5. The ambiguity suppression
figure-of-merit for the negative"intensity-modulation
scheme is higher than for the deflection-modulation
scheme (theory indicates they should be the same

Nﬁ because of a slight spreading out of the

. \i
with SNi

paseline due to hum and extraneous fields which

=
n

affects the deflection-modulation scheme more severely.
The noise suppression figure-of-merit for the negative=
intensity-modulation scheme is substantially greater

than for the deflection-modulation scheme, as expected.
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The =xoerimenial noise suppression figure-of-merit
sccelsration voltage (2000 volts) appears to
apororimately independent of n. This is because
noiss generated internally by the storage-
poroximately the same at both low and high
accelerstion voliages, however, at high acceleration
Toliage the supprassion of the input random noise is
contribution to the total noise at
ilter is negligible even for small
Since the total noise at the output of
high acceleration voltage is substan-
ri2lly cmly The moise generated by the storage-tube
=nd associatsd circuits, decreasing the signal-to-
=ois2 ratio at ihe imput does not appreciably decrease
22 sigasi-fo-moise ratio at the output and hence Fgé
2op=2ars o incr2ass a&s the input signal-to-noise ratio
nition of Fyg in the section en-

=3 INIRODECTION). Higher beam acceleration

Tolt i s= the iqui
voliages imcreass the ambiguity suppression figure-

of-merii Lmi do moi have such a simply related effect
figure-of-merit.,
Gata presented in Figures 73
is sunch as To make these curves representative
of variation of the figures-of-
sutput of the storage-tube
and consequently the numerie-

esert estimates of auoh
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quantities as the rms value of the output noise and the

amplitude of the FRI echoes buried in random noise

several times their amplitude.

These estimates were

consistently made so as to yield conservative values

for the figures-of-merit.

At an n of 4, the possible

errors involved are of the order of 20 to 30 percent.

For values of n greater than 10 the possible errors

involved are of the order of 50 to 100 percent in the

direction such as to make the figures-of-merit pre-

sented in the curves too small.

The oscillograms of Figures 77 thru 80 may, 1in

some respects,

give a clearer inpression of the

operation of the Storage=-Tube Ambiguity Filter with

the two different types of modulation.

can
for
two
The

acceleration, the ambigu

the negative-intensity'modulation system is

the same value of n in each,
values of n for each o

first comparison shows that,

Two comparisons

be mades first, between the two modulation systems

second, between the
£ the modulation systems.

at 1200 volts

ity and noise suppression of

better

than that of the deflection-modulation system at

large values of n.
the ambiguity and

is increased,

Conclusions

P2 L —

The second comparison shows that

noise suppression increasesnas n

Of all the Ambiguity Filters experimentally in=

vestigated, the Storage-Tube Ambiguity Filter with
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negative-intensity-modulation and baseline break

appears to be the most versatile and practical. A simpli-

fied theoretical analysis indicates that an inf
large value of FAS is attainable under the zssumpiion
that there is no random noise in the input and the

storage-tube has the idealized characteristi

ot
1
Q
@
'y
M
[
7
o
=]
ot
o
[*7

in this report. Under very restrictive experimenial
conditions, values of FAS up to approzimeisly 50 have
peen attained (FRI echoes 34 db down from TRI echoes)
The noise suppression figure-of-merit of the filier
under the same conditions was between 5 and 15 {signal-
to-noise ratio increased 14 db to 23 db, capending
upon the operating parameters).

A careful redesign of the negative-intsasity-
modulation, baseline break detection Storage-Tubs
Ambiguity Filter with particular emphasis on low

noise input & tput ci i i
put and output circuits, high accelsration

large external back plate to barrier grid

roadewrit L .
rsad-write potential shift, multiple read-out sweeps
s,

will resunlt in a

h

ilter wi i fi £ i
t ith higher figures-of-merit

than those obtai i
those obtained with the present equipment.
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MAGNETIC-STORAGE AMBIGUITY FILTER

Introduction

The performance of PIM and Mixed PRF systems in elim-
inating range ambiguities due to high pulse repetition
rates is enhanced by ambiguity filters which suppress the
false range indicating (FRI) echoes after they have been
discriminated from the true range indicating (TRI) echoes,
and which increase the signal-to-noise ratio.

In the Mixed PRF system the discrimination and
suppression are performed simultaneously in comb filters.
It has been pointed out that effective comb filters can
be synthesized from linear amplifiers, constant time
delay devices, and linear adders‘,l A magnetic-storage
device could form the constant time delay mechanism in
such a comb filter. In this capacity, the magnetic-
storage device would operate with a linear input-output
amplitude relationship. Thus, the device would operate
in the manner of conventional magnetic recording
devices. Such operation has been extensively described
in the literature.

In the PIM system, the magnetic-storage device could
be operated either linearly, or non-linearly, that is,
the magnetic-storage media and/or the associated circuitry
could be operated either within their linear range or

ountside their linear range.

lSi al Corps Contract No. DA&36-039 SC-56696, Fifth
Q.P.R., February 1955-April 1955, pp 119-170.
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fagnetic-Storage Ambigquity Filter

A magneiic-storage ambiguity filter system (Series-

Read Sysiem) is shown in Pigure 81. The principle of

operation can be most easily undersiood by considering

linear operation of all the system elements.

Video
Input

Information is recorded on two tracks on the magnetic-

storage media which moves under the writing and reading

heads at a speed v. One track (trigger-track) is used to

provide the timing of -the interval modulated trigger

pulses for the iramsmitter. The video output of the

Trigger tourmgicaton

Indicgtor

recorded on the second track (echo-track).

ai non-egual intervals, where n is the number of intervals

in the DIM modulation cycle. The magnetic write-head and

read-heads along the echo-track have reversed spacing

compared to the trigger-irack head spacing, as shown in

igure 81.

Figure 81

The iriggering of the i{ransmitter is accomplished

follows.

E trigger-pulse is recorded on the trigger-

e-hsad. After a time interval T
0,1

@ - X
o =21
- ¥

Series-Read Magnetic-Storage Ambiguity Filter System

ikhe pulse reaches the first read-head and the signal is

d end used to irigger the transmitter. After an
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and used to trigger the transmitter again. This is re-
peated until the pulse reaches the last read-head on the
trigger-track. The signal here is not only used to trigger
the transmitter but also to trigger the indicator sweep and
record a new trigger-pulse on the trigger-track. The en-
tire modulation cycle is repeated as the new trigger-pulse
travels along the read-heads.

During the entire modulation cycle the video output
of the receiver is continuously recorded on the echo-track.
After one complete modulation cycle thé echoes are record-
ed on the echo-track of the magnetic-storage media between
the write-head and the last read-head. The read-head
spacing causes TRI echoes to appear under all the read-
heads simultaneously as the magnetic-storage media moves
past the heads. FRI echoes do not appear under all read-
heads simultaneously and hence no integration of FRI
echoes occurs. The integrated TRI echoes and the non-
integrated FRI echoes are displayed on the indicator.

The indicator sweep duration is

(3) SRyt Xyt X))
v

Ty

so that the entire range is presented. The result is a

presentation of the entire radar range with TRI echoes

integrated to a higher degree than the FRI echoes and

random noise,

‘As an example, consider a system with n equal to
three, and three targets located so that their echoes

are first, second, and third time-around echoes. Figure

82A shows the head spacing along the two tracks. Figure
82B shows the equivalent range positions of the three
targets. Figure 82C shows the echoes due to the three
targets (a, b and c) and the transmitter pulses (T) record-
ed on the echo-track after several modulation cycles have
elapsed, along with the positions of the echo-track read-
heads at the start of the indicator sweep. Figure 82D
shows the conditions after the magnetic-storage media has
moved a distance X . The recorded echoes due to the first
target are all under read-heads, and the output of the
three read-heads is added to give the echo at x, on the
indicator. A similar addition of outputs occurs as the
second and third echoes appear simultaneously under the
three read-heads after the magnetic-storage media has
moved distances of X and X, respectively. The FRI
echoes recorded on the echo-track appear as small responses
between the TRI echoes on the indicator display, as shown
in Figure 82E.

The comn;on moving magnetic-storage media for gener-
ating the PIM modulation pulses and storing the echo
information prior to integration alleviates the necessity
for extreme long-time (more than 10 modulation cycles)
stapility and accuracy in the speed of the magnetic-
storage mediaw- Short-time (less than 10 modulation
cycles) stability must be sufficiently good so as not to
degrade the integration of TRI echoes. Ten modulation

cycles , or less, is chosen as the basic short-time

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 : CIA-RDP81-01043R002900240002-8
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interval because under most practical search conditions

a target is illuminated by the antenna beam for approx-

imately ten, or less, modulation cycles,l Short-time

stability is provided primarily by the momentun of the

mechanical parts in the system.
A, Head Spacing Along Tracks . P .
Another magnetic-storage ambiguity filter system

i | | ' (Series-Write System) is shown in Figure 83, The operation
RADAR a b ‘ of this system is similar to the operation of the Series-

— X

—Xp— . Read System. Transmitter triggering is accomplished in

Xe exactly the same manner in both systems., The Series-

B. Equivalent Target Ranges Write System uses n write-heads on n separate echo-tracks

_L, Xp ————» ‘ to record the echo information from the receiver. The
PEoT

«— Yo
[}]T |° f ? E.E‘f‘ ] T distance between adjacent heads along the tracks is non-

uniform, but the spacing is the same along each of the

c. diti s ot
Conditions at Start of Indicator Sweep tracks., This eliminates the problem of obtaining reverse

head-spacing accuracy which occurs in the Series-Read

System. The positioning of the write-heads and read-
tf TP f OTATE

heads along the echo-tratks causes TRI echoes to appear

D. Conditions After Movement of Distance Xl simultaneously under the read-heads as the magnetic-
storage media moves. FRI echoes do not appear under the

T a b c read-heads simultaneously and consequently are not inte-

THa. V grated, The indicator sweep displays the entire radar

cebbHTTT e

IOt 1 TT[ ograted .

g~ FRI echoes and random noise, similarly to the Series-Read
Xc ' System.

E. A - Scope Display After Movement of Distance Xl + x2 + )(3

W m"IE : range with TRI echoes integrated to a higher degree than
—»RANGE

1si c g -36- 5C-56696 Seventh Q.
i i i S 1 Corps Contract No. DA-36 039
Operation of Series - Read Magnetic - Storage Ambiguity Filter System Ptgi\? A;gugt EQSS-October 1955, pp 98-148.,

Figure 82 .

212
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A third magnetic-storage ambiguity filter systenm,
which is a variation of the Series-Write System, involves

integration of the echo information in the magnetic-

storage media. The system is the same as the Series-

Write System shown in Figure 83, except that the n write-

Yideo
Input

heads are arranged in-line on one echo-track and only one

read-head and read amplifier are used. This eliminates

Indicato:

n-1 read-heads and read amplifiers and the adder in

addition to requiring only one echo-track on the magnetic-

storage media. This system is most applicable for use

Indicqtor

Trigg!

of the non-linearity (magnetic saturation) of the magnetic-

storage media to increase the ambiguity suppression and

signal-to-noise ratio improvement.

Magnetic-Storage Media Speed

The minimum allowable speed of the magnetic-storage

media is dependent upon the highest frequency to be

Figure 83

recorded and read out, the effective air-gap widths of

the recording and reading heads, and the granularity

of the magnetic-storage media,

The average particle size of currently used magnetic-

storage coatings is approximately 0.015 mil, and particles

Series-Write Magnetic-Storage Ambiguity Filter System

rarely exceed 0,025 mil in size. This theoretically limits

the shortest wavelength that can be recorded to approximate-

ly 0,05 mil. Recorded wavelengths as short as one mil

have been achieved practicaily, with signal-to-nois'é ratios
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as high as 60 db.l

The finite size air-gaps of the heads have an averag-
ing effect on the signal during both recording and read-
ing. The write-head air-gap in addition to averaging the
signal causes a complex distortion due to the magnetic
hystersis of the magnetic-storage media. An approximate
relation between the minimum speed necessary to record
and read out & given frequency signal with a specified
accurécy and size of air-gaps in the heads can be ob-
tained by assuming that the only effect of the gaps is
to average the signal. The averaging interval is taken
as the length of time it takes a point on the magnetic-
storage media to travel a distance equal to the air-gap
width. Since two air-gaps are involved, the signal is
averaged twice. The averaging time interval during
recording Tw s

i
(4) T, = *w
v

where
X, = write-head air-gap width
v = speed of magnetic-storage media
and the averaging timé interval during reading Tr is

b
(s) T, =%z
v

where

x, = read-head air-gap width

1
S. J. Begun, “A Survey of Magnetic Recording”, Electrical
Engineering, December 1954, pp 1115-1118. R

The output signal will be proportional to the double

average of the input signal. For a sinusoidal input signal
t+T_ t+T
) v K p 10 0 a"n omet at dt
6 . =
‘el out T % Tw %
where

Vout = output signal

A = amplitude of input signal
f = frequency of input signal
K = constant of proportionality

Evaluating the integrals gives

KA . s
v = sin 2nf (t+T) sin 2nft
out " pq anlel *

Ao :
- sin an(t*Tr*'Tw) + sin an(t'*Twzl

Equation (7) can be reduced to

KA sin nfT, sin nfTw

= 4 t+
(8) Vot = — 3.7 sin 2nf(
TrTw 7 f

T. r*T )

For T << 1 and T <<1, (8) reduces to
T

(9) Vout = KA sin 2nft
as expected.
No distortion of the signal results if the amplitude

is constant and the phase shift is linearly proportional

to the frequency. Equation (8) gives the amplitude as

amp KA sin nfT_ sin nfT
(10) Vout =
ou T, T.m £

and the phase shift as
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1) [Voyg [Vin = #ET* T

Equations (10) and (11) show that the amplitude decreases
with higher frequencies and longer averaging intervals but
the phase shift is linearly proportional to frequency,
indicating that no phase distortion occurs. Both Tr and
T, should be made as small as possible for minimum ampli-
tude distortion. Since the write-head and read-head air-
gaps usually have the same practical minimum sizg, Tr and
Tw can be taken equal. The time averaging interval can
then be designated as T‘_:1 for either gap, where

x
(12) T, _vg

where
xg head air-gap width
This reduces (10) and (11) to

.2
amp _ KA sin® nfT
(13) Vout a

T 225 2
n£°T,

and
(14) & “[Vig = 20ET,

Figure 84 shows plotted curves of the amplitude and phase
shift of the output signal, calculated from (13) and (14).
For any allowable amplitude distortion, a maximum

value of fTa can be found; Since the highest frequency
to be recorded and read-out is known, the maximum value of
Ta that is allowable is known. Equation (12) determines
the minimum speed v necessary to achieve the desired amp-

litude response with the air-gap width xg.,

218

Normalized
Amplitude
and Phase
Shift

Amplitude

“2_Phase Shift

o ized i Shift of
rmalized Amplitude and Ph§.se i
gguble Time Averaged Sinusoidal Signal

Figure 84
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As an example, suppose a video signal is to be rec-
orded and read out with only a 3 db drop at 5 MC. The
normalized amplitude of a signal 3 db down is 0,707,
which gives a maximum fT_ of 0.31, and thus a maximum T
of 0.062 x 1078 second. With air-gap widths of 0,00025
inch each (Brush BK -1090), the minimum speed necessary
would be 4,040 inches per second or 336 feet per second.
To produce this surface speed, a one foot diameter drum
would have to rotate at 6,400 revolutions per minute.
There are in current use data recording systems which use
speeds up to 4,700 revolutions per minute on eleven inch
diameter drums. (Bendix Aviation Corporation Computer).

The short-time stability necessary in the magnetic-
storage media speed depends upon the highest frequency to
be efficiently integrated. The outputs of the read-heads
are added together to get the integrated output signal.
For optimum integration of TRI echoes, all the read-head
outputs should be in phase with each other. Speed
variations during the modulation cycle will cause effect-
ive phase differences between the read-head outputs,

An upper limit to the allowable speed variation
during one modulation cycle is obtained by assuming that
the maximum allowable phase spread of the outputé of the
read-heads is 120 degrees at the highest frequency of
interest. This is based om the fact that the sum of two
equal amplitude and frequency sinusoidal signals has an

amplitude greater than the components only if the phase

220
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difference between the components is less than 120
degrees, Thus, the signals on the magnetic-storage media
must not be more than one-third wavelength out of phase
as they pass under the read-head§, This means that a
speed deviation Vas acting over one modulation cycle,
should not produce a distance error greater than one-third
wavelength of the highest freguency of interest. That is
as) vy $¥-%

where

TM = length of modulation cycle

Equation (15) can be arranged to give the maximum allowable

fractional speed deviation during one modulation cycle as

(16) vgel

< 3fTy
which can be expresaed as
(17) Va_ < iy
’ ~ 3F
where
fu = maximum unambiguous repetition rate
B
For example, consider a radar with fM equal to 450
pulses per second (200 miles maximum range) and the highest
frequency of interest to be % MC. Then the maximum allow-

. -3
able speed deviation over one modulation cycle is 3 x 10

percent.

Write-Head and Read-Head Positioning

It can be seen from Figures 81 and 83 and previous

discussion that the time intervals between transmitter
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pulses depend upon the magnetic-storage media speed and
the read-head spacings along the trigger-track. To
accomplish the function of discrimination, the spacings
should be all different by at least the length of a trans-
mitter pulse, The differences can be random providing

no two are alike.

The total distance from the write-head to the last
read-head determines the length of the modulation cycle.
This is
(18) ="

1
v

X distance between heads

i

The length of the modulation cycle is chosen approx-
imately equal to the round trip time of an echo from a
target located at the maximum range of the radar, that is

~< 2R
(19) Ty = CM

where
RM = maximum range of the radar
c = speed of light
Equations (18) and (19) give
(200 3 xE 2Ry
1 c

The unambiguous repetition rate fM of the radar is
(1) gy =
Ty

and the number of intervals in the modulation cycle is

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 :
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defined as

(22) -f—fs
n =1 = f_T
n s™M

where

fs = actual repetition rate of the radar
The average spacing of the read-heads is
(2) §i=§:i=¥_

s

The read-head spacing along the echo-track is just the
reverse of the spacing of the read-heads along the trigger-
track.in the Series~Read System., The write-head spacing
along the echo-tracks is the same as the read-head spacing
along the trigger-track in the Series-Write System.

Consider the example of the previous section, with a
maximum range of 200 miles, a repetition rate of 5,000
pulses per second, and a pulse duration of 1 microsecond.
The average spacing between the heads, from (23), is
0.81 inch, From (19) the modulation cycle length is
approximately 2,15 milliseconds. Equation (22) gives a
value of 10,75 for n, which is rounded off to 11, giving the
exact value of 2.20 milliseconds for Ty. The total distance
from the first write-head to the last read=head is, from
(18), 8.88 inches. Each head-spacing must differ from
every other spacing by at least one pulse width, which
is 0,00404 inch for the one microsecond pulses.

The spacing accuracy of the write-heads and read-
heads along the tracks must be sufficiently good so that

the signal integration of the highest frequency of interest

|IA-RDP81-01043R002900240002-8
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is not adversely affected, The situation is similar to
the stability requirement in the speed, and using the same
criteria gives

<™
(24) xg % 3

el

where
x4 = maximum allowable deviation in head position
For the previous example, where the highest frequency

of interest is 5 MC, xy must be less than 0.27 x lO-3 inch.

Figures-of-Merit

The figures-of-merit for the Magnetic-Storage Ambiguity
Filter, when operated linearly and under ideal optimum
conditions, are easily determined.

For a TRI echo, the output of the filter is n times
the output obtained from one read-head, because of the
addition of n in-phase signals. The output of the filter,
due to a FRI echo, is just the output due to one read-head,
since the FRI echoes do not appear under the read-heads
simultaneously. For a given target, the TRI and FRI
echoes have the same magnitude at the input to the filter,
and hence the ambiguity-suppression figure-of-merit is

(25)  Fpg = VIRr =n

VERI| out

VTRI = voltage due to TRI echo

VFRI = voltage due to FRI echo

n = number of intervals in PIM modulation cycle

224
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The random noise output of the filter is the sum of
the uncorrelated random noise outputs of n channels. The
random noise voltage from the filter (due to the input
random noise only) is thus -/fi times the random noise voltage
from one read-head. Since the TRI echo voltage increases
proportionally to n, and the random noise voltage increases
proportionally to <fft, the signal-to-noise ratio increases
proportionally to~yR. The noise-suppression figure-of-
merit is thus

-] _
(26) Fys = sg ?ut =<\
in
where
SX = voltage signal-to-noise ratio

If the Magnetic-Storage Ambiguity Filter is operating
linearly but not under ideal optimum conditions the figures-
of-merit will be less than the values given by (25) and
(26), Detailed investigation is necessary to determine how
much the system imperfections reduce FAS and to see how
much the inherent noise in the system reduces FNS“

If the Magnetic-Storage Ambiguity Filter is operated
non-linearly, the figures-of-merit may be quite different
from those for linear operation. Further detailed study is
necessary to determine these di fferences, but it appears
possible to increase the figures-of-merit above the values
optained fo{_linear operation by judicious selection of the
non-linearities emplo&ed, Non-linear operation will change

the noise characteristics which may serve to improve PNS'
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If a property of the TRI echoes other than thei'r voltage
amplitude is used as a measure ‘of their presence (base-

line break, for example), a greater than n to one differ-
ence between the TRI echo output and the FRI echo output

may be produced, thus improving FAS“

Conclusion

The Magnetic-Storage Ambiguity Filter has several
advantages. The system itself is simple in concept, can
be applied to existing radars, provides the functions of
discrimination and suppression of FRI echoes in one step,
and presents the entire range in one continuous display.
The disadvantage of the system is the high speed required

in order to record and read-out video signals. This is

primarily a mechanical problem., If this difficulty can be

resolved, the Magnetic-Storage Ambiguity Filter System is

expected to be practical,
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VI. CONCLUSIONS

1. The analysis of a physical model, more general
than found in the literature, shows that the phosphor
brightness build-up and decay wariation can be accurately
expressed as the sum of several exponential functions.
The number of exponentials necessary, their relative
amplitudes, and their time constants are determined by
the number of different types of luminescent-centers
in the phosphor and their excitatiors and decay prob-
ability time densities, Theoretical-experimental
agreement within 10 percent was obtained using double
exponential functions for Pl, P2, and Pll phosphors,

2. Equipment for combining subrange displays
in the Optical-Electronic Ambiguity Filter h&s been
constructed and the combination of the first three
subranges into an integrated display has been
experimentally demonstrated. Mare subranges may be
combined by duplication of equipment. Complexity of
this combining system together with greatér promise in
other directions indicate that further development of
this combining system is not warranted.

3. The theoretically determined optimum operat-=
ing parameters for the étorageﬂ‘ube Ambiguity Filter
in the absence of random noise are given in Figures 70
thru 72. Under optimum operating conditions the

ambiguity suppression figure-of-merit is infinitely

large in the absence of noise, A direct experimental
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verification of this was not obtained due to equipment
limitations.

4, The Storage-Tube Ambiguity Bilter, operating

under noisy non=optimum conditions, had an experimentally

determined ambiguity suppression figure-of-merit (FAS)
of 50 and a noise suppression figureSof-merit (PNS) of
15, Substantial improvement is expecgted as optimum
operating conditions are approached. This is to be
contrasted with an ideal linear integration which,
under the same conditions, would have FAS = 14 and
Fyg = V14, ’

) "5, The Magnetic-Storage Ambiguity Filters pre-
sented have the highly desirable featurerf directly
presenting the entire range in a simple display

r§tht-_:r than in subrange displays as in the other PIM

ambiguity filters.

|
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VII. OVERALL CONCLUSIONS

Methods for accomplishing both the discrimination and
the suppression of FRI echoes which also utilize the high
PRF to improve the signal-to-noise ratio have been devised. _
The two most promising methods of imparting the information
to the target echoes necessary for discrimination are the
PIM System and the Mixed PRF System. The FRI echo suppress-
ion and, signal=to-noise ratio improvement can be accomplish-
ed by an Optical-Electronic, Storage=Tube, or Magnetic-
Storage Ambiguity Filter in the PIM System and by a Comb-
Type Ambiguity Filter in the Mixed PRF System.

A, The PIM System has the advantages of

a) allowing the utilization of the high PRF
©  for signal-to-noise ratio improvement,

b) applicability to existing radars,
c) simplicity of equipment involved.
The disadvantage of having the range resolved
into several subranges when the Optical-Electronic
or Storage-Tube Ambiguity Filters are used is not
objectionable if it is desirable to view a single
expanded subrange, and does not occur when the
Magnetic-Storage Ambiguity Filter is used.

1. Pirst order theoretical investigation of the
Optical-Electronic Ambiguity Filter shows that
the ambiguity suppression figure-of-merit

(FAS) increases monotonically as n increases

and the noise suppression figure-of-merit

|IA-RDP81-01043R002900240002-8
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i

i ! (PNS) has a maximum value of 135, Experimental 7 Bi.. . The Mixed PRF System has the same advantages
i values of Fpg = 80 and Fyg = 100 were obtained as the PIM System and in addition presents the
]I under conditions for which an ideal linear full range in a single display.

!tz integrator would have Fpgq = 12 ‘and FNS =N12, L l. TFirst order theoretical investigation of the

H The amount of equipment required to implement ideal linear Comb-Type Ambiguity Filter, for
Fg this system, particularly when subranges are ' use in the Mixed PRF System, shows that

‘ combined into a single display, is such that FAS =n and Fyg = M.

§ the other ambiguity filters appear more practical.

§ 2. First order theoretical investigation of th;

Storage-Tube Ambiguity Filter shows that Fyg
increases monotonically as n increases and can
be made infinitely large for a finite n under
optimum operating conditions in th; absence of
.random noise.. The theoretical analysis of the
operation under noisy conditions remains to be
done. Experimental values of PAS = 50 and
PNS = 15 were obtained under conditions for
which an ideal linear integrator would have
Fpg = 14 and Fyg = N14.

3. The Magnetic-Storage Ambiguity Filter, for

use in the PIM System, appears to overcome the

principal disadvantage of the Optical-=Electronic
and Storage-Tube Ambiguity Filters in that it
presents thé entire radar range in a single
continuous dispiayu Theoreticzl and experiment-
al investigation of this ambiguity filter

remains to be done,
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VIII. RECOMMENDATIONS

1, Theoretical and experimental determination of the
optimum operating parameters and figures-of-
merit for the Storage-Tube Ambiguity Filter in
the presence of random noise,

Theoretical, and if warranted, experimental
determination of the optimum operating parameters
and figures-of-merit for the Magnetic=Storage
Ambiguity Filter in the presence of random

noise and utilizing system non-linearities,
Theoretical, and if warranted, experimental
determination of the optimum operating parameters
and figures-of-merit for the Mixed PRF System
employing a Comb-Type Ambiguity Filter.

Experimental demonstration of the operating

_characteristics & the PIM System on an actual

radar set:

A, without any auxiliary FRI echo and noise
suppression equipment other than the
ordinary display scope
with the Storage-Tube Ambiguity Filter
to suppress FRI echoes and random noise
with the Optical-Electronic Ambiguity
Filter to suppress FRI echoes and random

— noise,
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